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. I. FOREWORD

The Oak Ridge National Laboratory Civil Defense Kesearch Project,
> Jointly sponsored by the Department cf Defense and the Atomic Energy

Commission during the past three and one-half yesars, consistis of an
interdisciplinary study of the prohblems of advanced civil defense
systems which might be installed juring the 1370's. This is the fourth
in a series of progress reports--the first* covered topics studied
during the first six months of the project and the second** and third,***
topics during the next two full years.

This fourth report and its classified supplement contain the
recults of research in fifteen areas related to civil defense. The

. summaries of the individual chapters and the chapters themselves can

A BRI TR L U L S N T T Lt A Y L T B L Rl i L

perhaps be conveniently introduced and related to each other by

[N

fullowing the format used in the last two years' reports, listing a

e g e

- series of fifteen problems and comments or partial solutions related

v

to the effectiveness of advanced civil defense and following the i

L

report’'s chapter sequence.
: 1. Problem: During this report period the Department of Defense
announced the beginning of its deployment of a light missile defense
system, possibly the single mcst important componert of a total U.S.
strategic defense system. Does missile defense eliminate the need for
civil defense? If not, how does a light defense affect the feasibility
of advanced civil defense systems?

Comment: Although the interaction of missile defense and civil

defense is complex, it is probalt:le that missile defe:nise enhances the

capability of any civil defense system. We will assume that the

*Civil Defense Study Group Progress Report, September 1904-March 193(5,
ORNL-TM-1120 (Classified).
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* N
Annual Progress Report, Civil Defense Research Project, March 1365-
March 19€0, ORNL-TM-1531, Part I, ORNL-TM-1531, Part 11 (Classified).
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HAnnual Prcgress Report, Civil Defense Research Project, March 13(6.
March 1367, ORNL-LISL, Part T, ORNL-5ICH, Part IT (Classified), ORNL-418%4,
Part III (Classified).




attacker's response to ouwr deployment of area defense is to overwhelm it ]
by refitting his boosters with many multiple warheads. Multiple warheads

¢« = more expensive and therefore increase the cost-effectiveness of

w.- .1ced civil defense systems. Quantitative studies of this and other .
strateglic defense interacticns are contained in Chapter 1.

2. The problem of the electromagnetic pulse {EMP) accompanying a
nuclear detonation and its effect on civil systems is discussed in
Chapter 2, Part IT (the classified supplement to this report) along with
possible counter-mearures.

3. Problem: Interconnected urban tunnels have been Aescribed as
potentially effective blast shelters which offer the possibility of a
gradual reduction in the vulnerability of the occupants by movement
through the tunnels. However, all blast shelters may reguire rapid
response {less than a half hour) to a warning system in crder to reduce
the initially high vulnerability of urban populations to nuclear attack.
Can present warning systems be improved sufficiently to meet this
requirement?

Comment: The value of the TEST (Tactical Evacuation to Shelters
through Tunn ) cystem is being studied quantitatively. As part of the
first stage of the study, the time required to reach a given tunnel
entrance is comparcd for preser.t and future warning systems in Chapter 3.

L, Problem: A systcmatic .tudy of civil defense problems involves :
consideration of many technical, economic and social factors which
influence the design and performance of alternative syrtems. Collectin
and retrieval of useful civil defense information across 80 many discipline
boundaries is a formidable task. Can modern information systems be uced
in such a diffuse subject area?

Comment: A small interdisciplinary program such as the ORNL Civil
Defense Research Project provides a scale model laboratory for testing

information retrieval methods. 1In Chapter 4 we report the gtatus of &n
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empirical approach to the establishment of a civil defense research

information center.

feasibility of converting it to a dual-use shelter is examined in

é 5. Problem: Interconnected urban tunnz:ls seem, at least :

% . gsuperficially, to offer many possible peace-time uses, In fact, will 3

: there be many opportunitiece for the installation of new tunnel systems )
in the crowled portions of American cities in which civil defense fea- %

: tures can be incorporated inexpensively?

% Comment: An entirely new tunnel system, such as a network of -

% city-owned utility turnnels may provide the greateet opportunity for =

g dual-uce urban turnel construction. An example of such a system is

% descrived in Chapter &. However, ¢ -ntional transportation systems

E m&y b2 increasingly plac=d underground. A truck tunnel has been pro-

E . posed for the central buziness district of Dallas, Texag, and the

§

Chapter r:. Finally, the status of the Washington subway, in which civil

defwnse features like those in the Mcsccw and Rottendam gubways might be

P —

includ=d, is reported in Chapter 9.

et -

. Problem: Will rot the co-t of equipment in a blast shelter be

much larger than similar egquipment in a fallout shelter since egpecial

oo

"

shock isolation end perhapes equipment ruggedization may be required for
tlast reeistance?

Comment: As the blast recistance of a shelter is increased, an
overpressure regime will eventually be reached in which equipment costs ]
arc raised sharply due to shock problems. From the literature it is :
unclear whether standard equipment or con:entional mounting will be
satigfuctory in the reglon 5¢-1,0 psi. A preliminary test of an electric
generator in fthis regime is described in Chapter 7.

7. Prctlem: Might biological agente be used during a thermonuclear
attack to compound passive defense problems? ]

Www« WINTENIRTIN | o .y oy e
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Comment: One limitation on such a use of bilological agents is
fraetricide -~ that is, the sterilization of a biological sercsol by
thermal radiation from a4 nuclear weapon. An experimental study of

such a possibility, using a laser as an intense radiation source, is

described in Chapter 8.

8. Problem: Assuming that shock waves which may penetrate a
tunnel are attenuated by the contents of the tunnel, are engineering
methods available for predicting the rate of attenuation? Entrances
to the tunnel might often be placed at the base of a vertical wall.
Should large overpressures be expected at the wall and ground intersec=
tion due to multiple shock reflections and are they predictable?

Comment: An extensive experimental study of the attenuation of
shock waves in a fcour-inch shock tube has resulted in the development
of engineering design equations, based on the Fanning friction factor,

which are satisfactory for the prediction of shock attenuation in large

diameter tunnels. The results of this work are described in
Chapter 10. A theoretical method for nredicting the amplification of the
peak pressure st the base of a wall was compared and was found to be in

gool agreement with experimental results obtained with the shock tube,
as described in Chapter 11.
g. Prcblem: The country is becoming increasingly dependent upon

nuclear power for electric energy. The reactor installations are

Jarge and contain long-livea fission products. Might such reactors de
attractive targets for enemy missiles, both because of theilr importance
to the power industry and as a method of increasing the intensity of the
subsequent radiocactive fallout?

Comment: A preliminary analysis presented in Chapter 12 suggests

that nuclear reactors are probably not attractive targets, due to their
E inherent hardness and to the difficulty with which the fission products
% in the core can be mixed with nuclear weapon fallcut.

10. Protlem: Are there quantitative methods available which would
allow political and psychological data on the probable responses of
foreilgn governments to new American defense systems to be considered

along with technical and economical factors as a basis for policy choices?
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Comment: The content analysis of foreign communications cffers
a possible source of such data. A pilot study of editoral studies from

the Chinese Communist People's Daily is presented in Chapter 13. The

results of this study suggest that an expanded analysis could be quite
useful for policy purposes.

11. Protlem: Public opinicn polls are an important part of the
American political process and with rare exceptions have been sble to
predict election results quite accurately. Pclls have consistently
shown that sixty-plus percent of the American pecple favor civil
defense; and yet the attitude toward civil defense of the average American
public during the past several years could perhaps be described as
apathetic. Why this difference?

Comment: The attitudes of influential Americans affect the attitudes
of the average American, essentialiy by definition. It is probatly true
that "opinion makers" are more negative or the average, in their feelings
about civil defense than the general public. In an attempt to document
and tc explain this important difference, a research prcject is underway
tc measure the way influential Americans react to information about
nuclear war. The status of this project is described in Chapter 1u.
Opinion analysts have noted a lerge increase in civil defense interest
during an international crisis, and some civil defense programs have
teer. preposed to take advantage of this phenowenon {(by the construction
of hasty shelters, etc.). Public opinion survey results during the
13€1 Berlin confrontation were examined to determine ths rate of change
of civil defense attitudes and benavior as a function of education
level. The results of the analysis are reported in Chapter 15. Finally,
recent indications of public apathy to civil defense has been attributed
to gererational factors - the maturing of parts of the public who have
not experienced a time of severe threat to U.S. security. A longitucdinal
(trend over time) examination of defense attitudes is reported in
Chapter 16.

12. Problem: Civil defense operating responsibilities were
assigned by President Kennedy in 1961 and 1962 to most e: .cutive depart-

ments and agencies. A future increase in the national investment
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in shelter or warning systems, which are the responsibility of the
Defense Department under the Office of Civil Defense, would probably *

s TJdRT TIERL . .

be accompanied by increases in other emergency programs, such as

emergency medical services. Disaster hospitals are stored in many i
communities, but most of the medical profession has not taken an active .
i interest in planning for a nuclear emergency. How can disaster medical
cere ever be adequate for civil defense purposes?
Comment: During the past several years the medical stock-pile
program of the Public Health Service, which is one of the important
parts of disaster medical care, has been considerably strengthened.
In Chapter 17 the program changes which led to this enhancement are
examined, and the implications for improvements in other emergency
programs are emphasized.
13. Problem: After a nuclear attack on the United States, food .

production may be severely reduced and, in many sections of the country,

temporarily interrupted. Stored food, such as processed fcod, grain

and livestock, woul Tnave to supply the raton's food needs until adequate -

production and imports could be reestablished. In view of the current
emphasis on world food problems and declining U.S. reserves, is there
enough food to meet our emergency requirements?

| Comment: The total food supply in the United States appears to be
adequate, but its location is poorly matched with population distribution.
The importance of our grain reserves is discussed in Chapter 18. 1In
Chapter 19 the value of even low radiation protection for livestock

survival is described. The special case of the Tennessee livestock

| industry is examined, using the fallout patterns from the UNCLEX attack.
1li. Problem: The location and quantity of our food reserve seems

to be the result of normal market forces rather than specific emergency

planning. What would be the cost of a food reserve program designed
specifically for civil defense?

Comment: In Chapter 20 an idealized program consisting of stored
cenventional foods is examined tc place an upper bound on cost. Such

a program would require an annual investment of almost seven billion

dollars. A more attractive plan, requiring ad.i*ional research, would
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use stored whole grain (redistributed to match population) as the
primary component of a food reserve.

15. Problem: After a nuclear attack, the demand for goods might
greatly exceed the supply. If severe inflation resulted, investments
in the rebuilding of damaged industries might be curtailed. Government
price controls are often circumvented by the black market. How might
the United States establlish an emergency economic control policy which
would offer a better chance for promoting post-attack recovery?

Comment: One alternative to wage and price control is the use of
blocked accounts which has the effect of requiring the saving of
surplus money. A preliminary investigation of such an economic recovery
prcgran is contained in Chapter 21.

J. C. Bresee
Project Director

Note: Throughout this report a reference in the
text to a figure (e.g., Figure C) in any chapter
(e-g.. Chapter 11) designates the number on the
actual drawing or phctograph following the decimal
piace with the number preceding the decimal place
being the chapter number (e.g., Figure 11.2).
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II. SUMMARIES

CIVIL DEFENSE SYSTEMS ANALYSIS

Chapter 1. Blast Shelter Systems with a Light,
Area Ballistic Missile Defense

R. A. Uher

We report the progress of a study of the role of a blast shelter
system in strategic defense. First, we discuss blast shelter systems
which are riot protected with ballistic missile defense. For the analy-
sis, we assume that an attacker launches 10 megaton weapons targeted
to destroy as many people as possible. Blast shelter systems are
descrived which prctect the maximun number of people against such

attscks. Finally, we discuss blast shelter systems protected by a

light, area-type ballistic missile defense.

There are twe categorics of blast shelter systems defended by area
defense. The first kind of system (referred to as non-optimum) has a
single shelter type and shelters people living in high population
density areas. ©Systems in the second or optimum category consist of
shelters whose protection level varies continuously with population
density. At any defense expenditure, the cptimum systems arc designed
to produce minimum fatalities against an attack designed to produce
maximum fatalities.

The r-sults show that non-optimum shelter systems save the most
people whe: their protection level lies between 80 and 120 psi. Opti-
mized attacks against non-optimum systems costing 10 billion dollars
produce fatalities 10-15% higher than against corresponding optimum
systems. At a 3C billion dollar defense expenditure, fatalities for .

ncn-optimum systems run 20-4C% higher than optimum systems.




Chapter . The Effect of Electromagneti~ Pulse

on Civil Systems
D. B. Nelson

(Report=d in Annual Progress Report, Civil Defenge Reogearch
Project, March lo7-March 120%, ORKL--2%., Part 11 (Classified)

Chapler 3. Civil Defene:> Systems Analysics

m
P

) C. M. Haaland

Three preliminary investigations have beern madc as a part of a
g n2ral analysis of civil defense systems. One of the gtudies presents !
an overview of civil defense functions and systems by means of Voenn
diagrams.

Praliminary etudies on the TEST (Tactical Evacuation to Shelters E
through Tunnzls) system arz described. The time reguired te reach a
tunnel entrance is tha gum of threat realization tim2 in response to
th» warning system, plus reaction time and time for movement. The
warning system is dividezqd into the mechanical system and the human
system. A comparisor 1s presented of the probable warning and response
characteristics for the present and future systeme in the classified
supplement listed above.

- The problem of the flow of people from th: evacuation area into

g the tunnels is discussed, and a graphical solution to a simplified

- situation is presented to obtain the linear density in the tunncls as
a function of time, position, and the dengity of poople in the evac-

uated area.

wppr

Lty

PR




10
Chapter 4, Preparing for a Civil Defense Research
Information Center: An Empirical Approach
J. 8. Levey

The purpose of this study is to prepare the way for an information

ceuter on civil defense research information and to determine the shape
of the future center: its scope, purposes, services, and methods. The
approach has been: (1) to test methods of information handling, such
as using the KWIC (Key-Word-In-Context) computer program to provide
subject handles for retrieving reports, (2) to explore sources of civil
defense research information by seeking spezific information in answer
to staff needs, (3) to get an indication of the scope of civil defense
research by analyzing the content of cursent research programs and

the rate of ..terature published as a result of this research, {4) to

gain insight into the information resources, information barriers, and

information requirements of civil defense researchers by conducting
A in-depth interviews with the interdisciplinary staff of the Civil Defense
Research Project, and (5) on the basis of the results of the foregoing
to indicate the kind of research information center that could best serve
the needs of the civil defense researci: community.
In view of the nature of the civil defense research enterprise,
an information center would have to be broad in the scope of its cover-
age. The combined experienceg of the CRNL Civil Defense Research Pro-
ject - its report collection, information resources and research results -
can furnish a nucleus of information useful to other civil defense
researchers. The needs of the (RNL Civil Defense staff point to a
center which would collect, analyze, evaluate, and retrieve the report
+ literature. The center would alsoc provide abstracts of current litera-
ture, bibliographies, state-of-the-art reports, and a place to visit
with specialists. To serve the civil defense research community, a

mechanized retrieval capability is called for.
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CIVIL DEFEUSE PROTECTIVE SYSTEMS

Chapter 6. Dual-Usc litility Twinele
W. J. Foegly, Jr., W. L. Griffith, and K. F. lclson

As a part of the engineering studiecs on dual-use o! various wrtan
structures for blast shelters, the feasibility of providing utiiity
tunnels in wbuan areas iz being assessed. The White Plains Central
Renewal Project was selected as the site for thesc studices. A tunnel
system for the area would require about 7,000 feet of tunnels at a cost
of approximately Fi,LeD, . Cost bernefit studies indicate that i the
tunnel 1s financed under urban renewal procedures, sufficient revenue
can be obtained to repay the city's cost. Conversion of the White
Plains tunnel teo dual-use blast shelters would reguire an investment

~

of T2, to 3l per inhabitant, depending on the length of time pro-
vided for isolation of the shelter from the ocutside air and the shelter
population to be protected. At least half the shelter investment is
postpenatle. At the time of the installation of a utility tunnel an
investment of £120-r140 per person to be sheltered weould "buy an

option" for later conversion of the system tc 2 high-grade chelter.
Chapter +. Dallas Dual-Use Truck Tunnels with Portable Columns
C. J. Williame and R. P. Kenr.edy

Portable columns can tc used to strengthen wide concrete gpans at
a cost advantage comparcd witi. an wnisupported thicker span., Peacetime
uses requiring wide spans, such as tunnels, parking garages and below-
grade gtorage areas, ¢an be retained witn portable columns placed at
the time of an cmergency.

Using a truck tunnel designed 1'2r Dallas, Texas, the comparative
cost of various levels of blast protectjion was evaluated with and
without columns. The recsultg showed a significantly lower cost with

columnsg.
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Portabtle columis could also be installed in existing buildings to
strengthen below-grade areas. The calculation of the regultlng increase
in blast resistance is more difficult, since adequate steel in the rein-
forced concrete roof wouwld generally not be available at the column
bearing point. t is recommended that the accuracy of analytical pre-
diction methods be evaluated by experiments performed prior to demolition

of structures in ar wrban renewal test area.
Chapter Y. Mechanical Equipment Shock Tolerance
C. J. Williams

Mecharical equipmert in large blast shelters would be exposed to
a shock pulse as the shelter reszponds to the ground motion produced by
the air btlast from an aboveground nuclear explosion. Motor generators,
air conditioning equipment and blowers represent typical mechanical
equipment in blast shelterg, and it is necessary for shelter design to
have some measure of the response of this equiprment to the shock.

A 1T KW gensrator might be required for a typical 10037 man shelter.
The purpose of the reported shock test was to determine if a standard
motor generator of this size mounted in a standard way tc the concrete
floor of a shelter can withstand the ground shock from an aboveground

explosion.

that direct mounting would not result in damage exposwre to 17 psi over-
pressure from an aboveground nuclear explosion. But if the generator

were in a shelter exposed to 109 psi to 150 psi from an aboveground nuclear
explosion, either spring mounting or equipment strengthcning would be

needed to insure continuing operation.
Chapter 5. Radiant Sterilization of Biological Aerosols
C. V. Chester

: . 2 5 o -
To provide the exposure of 200U p-watt min/em” of 240C 4 ultraviolet

light necessary to xill refractory spores even in a optimized reflective
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ventilation duct wo.ld produce a temperature rise of 10.-7C if the aily
- were required to carry off the heat of the lamps. ach a systen woula

be a:fficult tc harden.

titude bursts of larg:s yicld nuclcar weapons may be 2

[

Very high a ¥
feagible way of slerilizing aerosols of the nore delicate pathogens such
ag vegetative cells or viruses. Spores are marginal., For example, a

2 megaton weapon burst at an altitude of ¢ km will produce a thermal
fluerce on the ground of only 12 cal/cmj, bit & thermal flux density of
240 cal/sec, cms. This flux density will heat 1007 emissivity 1 micren
particles over %GOC and ! micror particles JGOOC.

Lasers are theoretically a far more eflicient means of Killing bio-

logical aercsols due to the much shorter pulses of much higher power that
they can deliver. For example, a @Q-switched ruby laser delivering one
joule ir 10 nanoseconds can deliver a thermal flux density of »4,0CT

e . . . N - .
cal/sec, cm over a square foot. This should be capable of heating to

37C one-micron particles with an emissivity of ouly 1. Even an-
thrax spores should not survive this. Experimental verification of the

laser capabilities is planned.

Chapter 4, Washington D. C. Subway
G. A. Cristy

The design phase of the Wasbington D. C. subway has taken much
longer than originally expected. Although final conclusione cannot
yet be drawn relative to the feasibility of using the subway as part
of a coordinated btlast shelter system for the District, the tentative
conclusions reported in last years annual report are still valid.
Although beset by political and financial prohtlems, the subway could

still be completed essentially on schedule.

<




1k

Chapter 10. Report of Shock Tube Reseerch During the
Period March, 1947/ - March, 1% .

L. Dresner and C. V. Chester

Studies of shock wave attenuation have been carried out in a four-
inch chock tube driven by the detonation of a 219-7% propane-oxygen
mixture. The explosive yield is ¢ g TNT per foot of driver length;
driver lengths up to 1) feet are avaiiable. The shock tube producess
air shocks with peak overpressures up to about &50 psl. With these
overpressures and yields it is possible to model exposure of an eight=-
foot tunnel to a lU-mega sa groundburst at the 4Gl-pgl circle or eny
less severe exposure.

We have studied the attenuation of shock waves in long pipes by
orifice plates, rough walls, and cylindrical obstacles. The gtudies *
indicate that the uttenusation factor C (the ratio of the static over-
pressure af'ter attenustion to the pressure in a smooth pipe) may be
correlated with the Fanning friction factor as follows i

C = exp{~C.3faX/D)
vhere f is the Faralng friction factor in the btaffled section of pipe,
iX de tne distarce from the beglnning of the baffled section to the
point of interest, and D is the diameter of the pipe., Such .n equat,.n

is entirely adequate fcr engineering depign purpoges,

Chapter 1l. The Peak Overpressw e at the Foot of a
Vertical Wall Facing an Alr hlacy

L. Dresner

Amplification of the peak pressure at the base of a vertical wall
is brought abuut Ly the simultancous reflection of the {rcident snock
from the wall and the ground. We have conatrvcted a simple theory for
calowlating the peak overpressure baeed on combining the known soluticris

of the problems ~f Lhe problems of »blique and normal ehock reflectich. -

We have chiecked this theory with experiments carried < in the shock
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tube for angles of incidence of BOO and :50 and incident overpressures

tetween 50 and 300 psi and found good agreement.

Chapter 17. Power Reactor Vulnerability to Nuclear Weapons
C. V. Chester and R. 0. Chester

A one-hundreth scale model of a nuclear power reactor was tested
with conventional explosives designed to give & scaled pressure versus
time function equivalent to a 100 KT nuclear weapon detonated at various
distances from the reactor vessel.

The results of this preliminary study indicate that power reactors
are probably not exceptionally attractive targets for enemy nuclear
missile attack. First, the study indicates that power reactors are so
resistant tc blast damage and delivery accuracy for nuclear weapons is
protably sufficiently low that many tens of missiles must be targeted
on a reactor to give a 07 chance of rupturing the pressure vessel, and
releasing the fisgsion products in the core into the weapon cloud. Second,
if the pressure vessel is not ruptured, the release of volatile fission
products will occur aftier the atmospheric effects of the weapon have sub-
glded annd hence will be distributed by local meteorological conditions.
Most of the radiocactivity released from the core should therefore bte
deposited in the area already badly damaged bty nuclear weapons eflfects

and should cause no additional casualties.

SOCIAL ASPECTS OF CIVIL DEFENSE

-

Chapter 1:. Strategic Interactions
Davis B. Bohrow

A pilot study of the public comnwilcations of the Chinicee Commuwiist
Party was cvondueted to togt the uee of content analyzic as a mothod of
measuring the imeges held by Chinese ¢1it. atout other countrirs. From

& futurc cxpanded acalycic we hope to b able to oltain political and

i s
.




psychological data which would be used with technological and economic
factors as a basis for defense policy choices. -
The pilot study was conducted with the content of editorial sum-

maries in the People's Daily during fifteen weeks from 19060 through

1964,  Tne individual weeks were selected to represent different event -
climates: ceremonial, international, and domestic. The results
suggested several tentative conclusicns. First, most countries in the
Middle Fast, Africa Latin America, Western Europe, the 01ld Common-
wealth, and Eastern Europe receive little attention from Chinese elites,
with the exception of the USSR, Algeria, Cuba, Albania, and Rumenia.
The last four countries may bte viewed as those whose policies fragment
the sphere of influence of major competitors.

The Soviet Union, Japan and the United States are viewed ac com-
petitors &and the latter two as enemies. Communist China tends to -
view Japan as a country which "gets more then it gives" in the inter-
naticonal relaticns, and the USSR and US as countries which engage in
more conflictful than cooperative interr=%“ional relationships. It sces
itself as both reasonable end cooperative.

Considerable attention ic paid by Chinese elites to countries which
were within the classic zonres of Imperial Chinese interests, suggesting
thiat Commurist China may view these nearby countries as potentially

within her suzerainty rather than under her direct rule.

Cnapter 1s. Responses of Intluentials to Negative Contingencics
Sue 3. Bobrow

Thig year a questionuaire and a sample were developed as part of
a program to measure the way influenitial Americans react to a communi-
cation abcur e possibility of a nuclear attack on the United States -
and alternate ways of handling this possibility. The people whose
attitudes will be investiguted were gelected from authors on nuclear
gtrategy and disarmament who are not now full-time government employees, -

former government executives in agencies with nuclear weapons policy
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responsibilities, and past members of scientific or analytic advisory
grours to the same agencies. Both a mailed questicnnaire and a three
nour taped interview will be used if rescurces for the project are
adequate; otherwise, a larger numbter of questionnaires will be used
glone,

The questiornaire was pre-tested with fourteen individuals at

ORNL to try to eliminate confusing instructions, ctc. After revislon,

the recponse categories were formated for computer key-punching to

simplify ths analysis of the results. The final questionnaire contains

fifty-seven questiong, twenty-one of which are multi-item gquestions.

Examples of the questions are included in the body of the report.

Chapter 1. Public Responses During an International Crisis
Tom Atkinscn

An anralysis of six public opinion surveys conducted during the
1. §. - Sovie confrontation over Berlin in 19(1 yielded the follow-
ing conclusions:

{l) Regardless of international tension level, education is
regatively correlated with expectation of war.

72) Regardless of international tension level, edur-a * o is
rositively correlated with a tendency to engage in pers »=. vil
defense oriented behavior.

1*) During the early stages of a crisis, expectic' ©1 war is
positively correlated with civil defense tehavior for high school
and ccllege educated groups bul the correlation is higher for grade
school education groups durirng the latecr stages of the crisis.

i~} Civil defense behavior changes rezulting from increasing
tension levels occur much more quickly tfor high school and cellege
educated than for grade schocl educated groups but tnere are rio
differences in the groups' expectation of war changes.

15) Changes in civil defensc behavior and expectations of war
were iu the same direction and of the same magnitui. regardless of

the group educatiorn level,
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(£) Changes in civil defense behavior and expectations of war
induced by increases in international tension were more enduring the

higher the education level of group.

Chapter 15. Generational Trends in American Public Attitudes

Toward Active and Passive Defense
Neal E. Cutler

Thre research reported here represents the first longitudinal
efforts to emanate from the national s<ecurity survey data bank
established by the Civil Defense Research Project. The primary
focus of the research is to determine the impact of generational
factors upon patterns of national security attitudes. The analysis
is based upon measurement of the attitudes of three generational
groups -- the World War I cohort, the Great Depression cohort, and
the Nucliear F hort -- toward four rational security policy
alternatives --! iintenance of American Military Capability, ion-
Military Extension, Military Extension, and Advocacy of War. The
national sample surveys inveolved in the analysis represent the
period lon -1,

The analysis demonstrates that the historical circumstarices
surrounding the socialization of successive generational cohorts do
differentially affect the national security attitudes held by members
of the cohorts. Across all four question-sets, longitudinal increases
were found to have taken place in the support given to the policy
alternatives; that is, each alternative wag given greater attitudinal
support ty the most recent generational cchort than by the earliest
cohort. Particularly dramatic monotonic increases in support are
found in the two "extension" quertion-sets noted above. The trends
ir purlic perceptions and endorsement cf national security policies,
in other words, are in the direction of increased extension of American
resources, both military and economiz, *to other parts of the world.

In terms of the classic isclationisi-inrternationalist type of distinc-

tior,, threge data imply that the American public has become increasingly

internaticnalicstis over the 1=l pericd.
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Chapter 17. DImergency Freparedness in the Federal

Executive Agencies
Cleire KNader

The focus of this year's analysis of federal emergency programs
is the medical stockpile program. Eight factors acccunted for the
characteristics of the program, during the period 1951-197. The
were: (1) structural changes in the federal civil defense organiza-
tion, (2) a limited opcrational concept of emergency medical care,
{3) organizational isolation leading to inadequate communications,
(%) inadequate staffing, (5) lack cof leadership, ()} legal con-
straints, (7) registance to change, and {%) divided responsibility
for program surveillance. The program was changed and strengthened
by modifications during the period 1443-(G. The most important face
tors which shaped the revised program were : first, an improved
system of budget review; sccond, program caontent analysis bty the
Office of Science and Technology: third, the appointment of & task
force to help plan the program revisicns: and fourth, the appoint-
ment of new leadership in the operating agency, the Public Health
Service.

Chapter 12. Vulnerability of Grain Stocks and Food Supplies
A. F. Shian

Mid-year carryover stocks of grains have generally trended down-
wards eince their peak of 1941, but the availakle crops in the field

—~

at mid-year 177 taken together with the carrycver stocks are judged
to te an ample but poorly located supply for emergency use urder pre-
csent defense plans. The national food supply on July 1, 1957, was

estimated to be at least 1% months at 300¢C

calories daily for the

total U.S. population. The estimate excluded farm crops in the field.
The geographic distribution of the stocks by srates is grossly unegual
and shows at midyear only a few months supply for some state populations

whereas others have many years supply on hand. The concentration of
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food stocks in the grain states underscores our dependence upon reliable

equitable distributior in a nuclear emergency.
The National Advisory Commission

transportation for their

on Food and Fiter has recommended pro-
grams to ajiust carryover stocks of major farm commodities and to estab-

iish a strategi: rcserve of farm commodities. Congressional bills to

meet these recommendations are gquite naturally more concerned with

increasing the farm income than with defense needs but the establish-

ment of such a strategic food reserve would be quite beneficial to

civil defense. [Recent overseas experiences with foot-and-mouth disease

have demonstrated the extreme difficulty of coping with a severe bio-

logical threat to livestock. Becausé our livestock is vulnerable, and

since lysine-fortified grain would make a good alternate source of
protein, it is suggested that lysine logically belongs in a strategic
commodity reserve prograt.

Chapter 1%, Vulnerability of Livestock in the Livestock Industry

S. A. Griffin

As a part of a general study of food resources and vulnerability,
we are inveztigating the present radiation protection which would be
provided for livestock ir existing farm structures. Few data are in
the literature. A cooperative program was established with the
Tennessee 07fice of the Statistical R-porting Scrvice of the U.S.
Department of Agriculture, in which all tarms normally visited
throughout the state to obtain livestock population data were surveyed
for livestock protection structure type and feed availability. Half

the barns had hay stored above the livestock area and one quarter had

inside water supplies. Food under ccver during the survey period of

November 22 tc December 2, 1907 was sufficient for an average of 100
days of livestock feed. Food storage at that time was probably at its
peak.

The pretection factors presently available range from near unity

to 5.4 with an average of 1.3. Thus livestock in Tennessee and probably

throughout the U.S. is quite vulnerable to fallout radiation. However,

]
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proc. tion factors in the range of 2<: can te of signiiicent 1mpsr-
tarnce in arcas where exposure levels (RBE) of 5w to Lo i would ke
encountered. Arn example of the importance of low protection fastars

le presented uging the Tenncssee fallout patterns from the UWCLEX
p

attack.

Chapter .. Cost of Conventional Food as an Item in a

Food Reserve Program
C. D. Garland and J. A. Martin

A food rescrve progran consisting of conventional foods would te
a complex and expensive operation. Numerous problems would occur in
the production and mainte=nance of these stocks. Although the normal
channels of trade are capable of functioning as a limited rotational
outlet, the economic losscs sustained iu rotating conventional foods
irite animal feeds appear to be prohibitive.

A more attractive plan would consict of the use of unconventicsnal
food with a pessible supplementation of certain <eonventional food
items. Unprocessed or partially rreccesscd food based on stored whole
grain has the advantages oi increased shelf life, flexibkility, and

reduced cost.

Chapter 21. Post-attack Economic Policies
D. A. Pattersor and J. R. Moore

Assuming survival of a high proportion of people relative to the
carital stock the recovery of the economy becomes uncertain. Under

these assumed conditions the quality of preattack preparations for

S

-

irvival and re-overy bocowcs crucial and the organization of the
postattack economic system becomes an impertant part of these plans.
This latter aspect of the prohlem can be statcd as how best to
r£llocate postattack resowrcrs given & severe cupply constraint and

a neca for work irwentives., Alterrative gsolutions to this allsrative
vroblem are discussed srd an noeonventional sclution, the control of

auel cank aoooygne, 18 recomnondea Cor further intencive analveos ana
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I11. CIVIL DEFENSE SYSTEMS ANALYSIS s

1. RBLAST SHELTER SYSTEMS WITH A LIGHT, AREA
BALWISTIC MISSILE DEFENSE -

R. A. Uher

1.1 TINTRODUCTION
Since a *sion” has recently been made to deploy a light, area-
type ballistic ‘{le defense, we have studied the effectiveness of
]
blust sheiter sy..ems under the shield of area defense.” We used

two measures of effectiveness:-

1. The nunber of survivors after the attack.

J.  Tne defense cost exchange rate.

We define the latter measure &= the ratic of the cost of the defense
to the rumber of additional offense weapons necessary to negate the
life-gaving potential of the defense.
We considered two general categories ol blast shelter systems.
The first category was called non-optimum, which consisted of systems
sheltering all people living in densely populated areas to the same
blast protection {LD-% or median lethal ove, pressure). We also assumed
that all people not in bliast shelters had fulliout and thermal protection
at no extra cost.
We called the second category of blast sheltcr systems optimum
gince at any defense expenditure they were designed to produce the
smallest number of fatalities possible at a fixed attack size. The
optimum systems are generally chiaracterized by shelters whose blast 4
protection varies with population density with minimum protection being
a fallout shelter {assumed to be available at no cost}. In both optimum
nd non-optimum blast shelter system evaluation, we allow the attacks
f2ll knowledge of the shiclter system and we assume that he always

arranges his attack pattern to obtain maximum fatalities.




25 -1
- The next section deals with the description of the kinde of threute

o
used to evialuate the blust shelter systems. In Scotior «, we discuse

the effectivencss of voth optimum and non-cptimur chelter systems. The

. major conclusions of the study are outlined in the lust cection.

1.2 THE THRBAT

As 8 result of the U. S. deployment of a light, .rea ballistic

: missile detense, we assune that the potential attasker reg, onds by

ot Rt e s

refitting his booster paylcads with packages of many ¥ -KT weapons
it order to overwhelm the defense. We assume all of his weapons are
1

seliable and fused to burst near the switace. The attucker's E
objective is the destruction of a maximum nunber cf people which he

. intends to achieve by targeting his weapcns against populatio- centers.

Immediate ztt=ck warrning is ample tc obtain full occupancy of a
shelter system and at tre time of the attacr the pcpulation jg in a
o residential distribution mode (no evacuation occurs:.
We assume that the only benefit of the area det'erce is to force
the attacker to many staller weaspons in order to achieve assured pene
tion. The avea detense 1s gacgured 1o ke unable to destroy a

a
safricient number ol incoming ot:jucts to signiticantly blunt the
t

TS

1. COMFAK.SCN O SYSTEMS

W

n

11 discuzes the ncth-upt i btlast chelter syctems first.
Figures 1 and .- show tle «Pre~tivences of non-optimuam system: for

attack gizes of 1v =~ wnd - - ~FKi weapons, respec

\'1‘

Expzcted

/
p_‘.

ive

alities are plotted o functione of Lthe loaecot papulaticn density
red for several vilw @ of *he ID-. overprecgrurse or tne gygtem.
The riner lineg in Figareg 1 ound are independent of blast

chelter systeme coste. lcing a che lter cost rormuly’
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vhere P is the LD-%° overprecgsure of the ghielter and ¢ ig the cczt

per .., £g. I't. shelter space in hundreds of dollar:, we have super-

imposed cosu contours {leavy lires) over the effectivenegs curvee.

As the LD-, . overpressurc of a fixed cost blagt chelter system {ncreaseg,

fewer people reccive blast protection, Eventually we resch a point

where providing fewer sheltere and hardening them more will result {o

more fatalitice. Obegervation of Filgwres 1 and .- shows that for expondi-

tures between 10 and - billion dollare, non-optimam shelter systems

whose LD-. , overpressurcs lic in the = =1 1 range ceem to result

in the least number of fatalitiece for thege attacrk slzes.

1n Figures 3 and &, we chow the ID-"- overpregeurs varfation with

population denglty reguired tor optimum blast shelter gyrtunz at

several attack cizec and two dofence buduete, 1 und ¢ billion dollurc,

We used thie cost formule givern by Equation 1. The figurs ghows that

for larger attack sizes, high pop iation denelty areas are 1ot

unzhe itered. Inoa cence, thic fe wn a2t of degperaticon on the purt

ol the defenge, who in order to gave the most pronle bt a glven
investment mugt yrovide ouly tullout protection §n cerwnln vory deng
areac.

We had mentioned carlier that optinut tlist grcller synlems puye
the most peovle at a purthoular defepee bgdge Uoand glvern uttuch oo,

The eystem chosen aver $ro fuzt depend strongly on the attucr glze, ]t

porforamnee of s bliacty aneiter

e

PR ‘ [ | . e
sEaTl Ly Wl SHhow Ll C:,’L"._(_f.'. Up!.‘,.’hi.',(.,

for 4 1., weaporn att e at g 1o ang s Lillion dollur detenge cx-

pruditure. Az 4 baglc tor coaparlcon, we algo ghow fn the suwme tYigure

the performance of systemt optimdzed at cach attuze plie for the gnne

expenditurces.

We can gee that at guuller attack glzes, the 1 Lillion

dollar zyetem optinizcd for 1, . . wespons {8 {neffective efnce the

attusrer cun launch on attuck optimlzed wguinpt the people Ln fal out

ghicltrre.

1n Figure @, we have chowh the perlormance of syetemns optimlzed

for 3% wespons ageinct all attock efzep, We oeg thet thie syvrton

1
%

pertorms very well oxcept at the very lurge attack glzes.
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Ie Figure 7/, we show the results of optimized attacks againgt
non-optimum blast shelter systems (LD-%:- cverpressure ~ 1+ psi) at
1 and <. billion dollars. In comparing the not-optimum systems with
p £ f

Y
optimum systems, we see that the 19 billion dolldr non-optimum sycstem ?
results in 10-179 more fgtalities, while the ¥ billion dollar non-
optimum system regults in 22-.077 more fatalities.

The second measure of defense effentiveness used in this study

ig the defense cost exchange rate. We can write it in the form

Cost of Defense
Lumber of Offense Weapans Needed to Keep
Pre-Defense Hostage Level

We also refer to this quantity as the defense cost psr added offense
weapon. If the offense pays more for the weapon than the defence,
trhen we say that the advantage is with the defengse. Such reasoring,
of course, presupposes that the offense will respond in such a way as
to keep the hostage level corstant.

In Figure =, we show the defense cost exchange rate plotted as a
function of hostage level for several Kinds of optimum and non-optimun
systems. To compute the exchange rates for optimum systems, we assume
that we know the attacker's hcetage level and design the shelter
system so that it ic optimusm at the number of weapons he must use to
return the hostage level to the pre-defense value. We have also
included two points in the figure which show the effect of optimizing
a shelter system to the number of weapons at the pre-defense hostage
level and the attacker responds by bringing the level of hostages back
to the same value.

Utilization of the life-saving potential of optimum blast snelter
syetems over noni-optimum syctems is not without problems. One problem
is the estimate of the attack size. A second problen is keeping the
shelter system optimum. Changes in population density, attack size

and defense strategies may quickly make an optimum system "nonm-optimumn.”

[T R
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1.4, CONCLUSLON

In the evaluation of the effectiveness of blast shelter systems
under the shield ol area defense, we assamed that the only effect of
the defense was to force the attacker to break his payloads into
smaller packages in order to penetrate it, which he could then do very
easily. We considered two categories of bhlast shelter systems; non-opti-
mum, in whick all people living in high population density areas received
the same blast protection and optimum, which were the best systems
available in terms of life-saving potential for the defense budget and
attack size.

In the study of non-optimum systems, we found that LD-"" over-
pressures between 57 to 17¢ psi produced systems which had great
life-saving potential for tudgets between 1& and 3¢ billion dollars.

When we compared the best non-optimum systems to optimum systems,

we round that fatalities were 17-15% higher for non-optimum systems

at budgets of 1 billion dollars to 23-40% higher at budgets of 3¢
billion dollars. Although optimum systems .o perform better against

anry given threat, we feel that the gain in life-saving potential may

be cowiteracted by the cost to make the system flexible enough to respond
to changing population density and changing offense and deferise corncepts.
1f a decision to depl~y a blast shelter system is ever made, flexibility

shculd be considered along with system cost-effectiveness.
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ANALYZ2IS

C. M. Haaland
“.1 ABSTRACT

Three prelimirary investigations have been made as a part of a
general analysis of civil defense systems. One of the studies vrescnts
an overview of c¢ivil defense functions and systems by mesns of Venn
diagrams. Another study formulates the problem of the numper of people
arriving at the shelter entranceways as a function of time in a tactical
nuciear attacx situation. Separate distritution functicns are emplcyed
for the warning acquisition time, Tor reaction time and for the velozity
ol movement. In another study, 3 method for calculating the time-
distance distribtution of linear density of people in a tunnel evacuation

system is developed.
~.Z INTRODUCTILONW

A number of preliminary investigations have been made in the process
of analysic of civil defense systems. These studies have progressecd
from a general overview of civil defense down to the specific considera-

tion of tlast shelters. The purpcse of these investigaticns has been

"+
]

o find z nat LT depioyment schieme which will resuir
in the least number oif puople killed at least cost to the U. 8. for a
wide variety of tactical avtack situations agairns!. the U. S.

In the next section, some general classification of 2ivil defense
are made with the aid of Venn diagrams. Then the probiem of the earni-
mation of the number o people arriving at blast chelter entréenceways
is formulated. Finally, a mcthod for caloulating the linear dencsity acs
a furciirn of time and digtance is developed for an interconinected

blast shelter system.

3.3 CLASELIFICATION OF CIVIL DEFENSE

This gection deseribeg the construction of a set of Venn diagr
which are applied to the operaticonal analysie of civil defense.
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w:lll overlaps hetween Lhe different phases in past, present ard vueturs,

th
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past, federzl civil d«fenge
War

since World 11, with and with

and 3 in Figuare 1. Soms local civil delense

acticn has occwrred during crisis in the past {e.g., Cuban Missi
Crizie) with little preparation, indiecated by category 2. In the future,
tne possible activity categories are indicated by numbers - through 1-

in Figure 1. For example, rategcery 1. indicates a situation in whiok
ali phaseg of civil detfense action are occwring, i.e., in som: cities
rnot yet attacked, prepared crisis acticr and some routine non-origis

CD preparation acticn continues, while in other citieg, CD acticr under
attack occurs, and in gtill other cities, the attacr has o

CD operaticnal recovery actlion is taxing place.

Diagrams have bteen cansidered for indicating ths detailcd kinds of

[o9

CD aztion (guch ac Fire-tighting, recscus, mediczl care, eto.) and their
overlap during each of the above phases of general action. A complete
lisz of sztions has been prepured by J. I)(.n.";a.vae;,'.:'j

The elements wvhich are defend:d Uy the nation arc pecple ang
properly. During a crisis and attack stage, thege clements can be
further surdivided into 8ix subsetls which inceract and overlap cach
ix sutsets are ligted as follows: 1) Threatercd property
and people; ) killed people or destroyed property; <) warned people,
or property for which responsible people have bhecn warned; «) people
who act defensively, or property for which immediatc defensive action

is taken; 5) peopie in cshelters, or hardened property; and L) actively

defended people or property {defendcd by missile defense, ete. ).
The development of a diagram whicl indicatce thicse subzetes and
their overlap is shown in Figure . In Figure Za, tho squuare represetits
the entire U.S. population and property. The cirels maraed "T" repre-
sents the U.S. population and property threatercd bty ar enemy atta-k.

In an active strategic threat, the entire U.S. ic threqtencd. A tuctical
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threat covers an area determined by the prebabilitics involved in the accu-
racy ol prediction c¢f the trajectory of an c¢nemy ICBM by U.S. radar and com-
puters  the probsbility that the ICBM has pest-toost trajectory control and
multiple warheads, and the« estimated r~liability of the ICBEM.

In Flgure QS the "T" circle 1s intersected by the warned ("W") circle.
Keglon 1 represents people and property threatened but not warned, indicated
by tne symvols T-W. The arca of intersectlon, Reglon 2, represents pecple
and property Loth threatened and warned, indicated by the symbols T 7 W.

Ir Figure ¢, the "K" circle is added, representing people killed and
property destroyed by the threat. It must be contained within the "T" cir-
cle teesuse we do not consider people killed or property destroyed by fac-
torg other than the threat, such as automoblle acclidents for example., The
M eircle fur meved, or Smmediate defensive action, g added in Figure 2d,
and th "s" arca for sheltered jrople or hardened property is added in Fig-
ure “e. The filral diagram including actively defended property and people

is shown {1 Figure 3.

There are several uses for o diagram guch as Flgare 3. The most impor
tant usee 15 the logleal cejaration and overlap of categorles which 1t pro-
vides.  Anctler use 4o Lo stomulate thought atowut the actusl people and
proferty bo-dng categoriccd. Yor example, who are in th M-W categury, {...
those who tape lmnedinte defernsive action without belng warn-d?  The angwer
is: anyune who 1o moving to w sutr pusition in the usual course of action
at the time of threat. A larg: rnumbor of poople in this category could
resalt durfng the everlyg ragh hour dna large clly, when pvo 1reas of thou-
sands of people are in traffic moving cut of th centers of citles and =ith-
do not have accegs to a radjo or do not have It turned on end cannot hear
the warning sigrnals through traftic nolee.

Another important use of a dlegram such as Figure 3 {5 to aid the con-
struyction of indlces of effectivenegs for the principal sub-systems of de-
fense, 1., the warning system, the shelter system, and the ABM system.

One of the measures of effectivences of 8 &fenve rystem s the number of
survivors relative to the number of people threatencd, or (T-K)/T. The
number of prople killed {5 divided into 10 categorier in Figure 4 An cxudi-
ple of the effectiveness of the overall defence system might be indicat.d

Ly (T K S 4))70, which would have the value unity 4f no one is killed, and
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zero if (K. A) = T. The latter conditiocn would exist if K = T, and STA =
K, or, in other words, if all threatered pocple are killed, and if all
threatened people are defended by shelters and active defense.

Trree principal tnreats may exist during the op:rational recevery p:riocd,
namely starvation, disease, and anarchy, and th:y may overlap. For example,
people may be threatened with starvation and/or disease and they may be pre-
vented from getting food and/or medical aid by roving marauders. Also people
may be prevented from getting food because of disease, or from getting medi-
cal aid because of starvation. These overlaps are shown in Figure &#. TFor
cach threat thore will be a correspending warning, action, and attainment of
some degree of security from the threat, resulting in nine additional sets.
Fach of the nirneteen categories of people in Figure & will overlap in 51
L’g) ways with the nine sets m-nticned above, making a total of §l°5 cate-
gories of people for this system of division for the period of cperaticnal
recovery. It is obvious that considerable simplification would be necessary
to provide overall effectiveness calculetions, and the Venn diagram provides

a convenient checklist for this purpese.

X.o WAKRLING, KEATTION AND MOVEMENT TC SHELTER I A
TACTICAL SITUATIOH (see classified supplement*;

3.5 FLOW OF PEOPLE IN TURNELS

One blast-snelter system which is being considered for this study of
optimum nationwide deployment of blast shelters is an interconnected
system-b We assume for this study that after warning, pecple first move to
the nearest shelter entrance on the surface and then move to the neurest
city vorder by way of tinnels. Outside the city they may dwell in fallout
¢ Ylast shelters throughout the period of hazard.
The tunnels should be designed to provide room for everyone who
er.ters. lic one should have to stand cutside the eritrance in an exposed ’
position walting until the traffic in the tunnel thins enough to enter.
The number of parallel walkways in the tunnel rust be adeguate to handle

the peek f'low density resulting from th. addition ¢i people through .

» s
Anriual Frogress RHeport, Civil Defense Research Project, March 1%67-
March 1400, ORMNL-. =i, Fart 11 (Formerly Restricted Data, Classified}.
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rtreat. ihe n ils not anzlogous to the

a duct or with water in a pipe or river witn contribu-

variesg, because the veiootity of people ig virrouaily indeperndent

of the "pressur=", ard in rac, may var, with the pressure to some small

negative power.
In order to widerstend these problems we began our studies with a

simplified case. We assumed that the peopls move with a single velocity

v both in and out of the tunnels, they maintain constant spacing {({ixed

linear denzity, in the tunnels, aund that entranceways are located con-

tincously along the tunnels. When the warning signal is given, all

people cimultaneously begin to move with velocity v, eacu on a line

perpendicuiar o the nearest tunnel. Wnhen a person arrives at the tunnel

) . -0
he enters at that point, makes a 2/ turn, and mcves along the tuanel

without interrupting the flow in ary way. His velocity in the tunnel

retains constant wuntil he arrives at the dwelling shelzzr.

One of the simplest cases to consider is a squere city with side

of length -4, with wuniform population dengity, and with two North-South
and two East-West tunnels leading to dwelling sheltsrs ouiside the city
as snown in Figure 5a. In Figure St, tre city iz divided into regions
corresponding to the directiof. people walk to reach
cshelter, chown Ly arrows. It is evident rfrom exami
the city consists of eight similar evaucation pattern

triangles ingide the corner gquares, ecach with arn "L shaped cegment of

tunnel. One of these patlerns is extracted frow the city aznd shown in

Tigure ta. The pattern in Lb 1s eguivalent.

There are three tasic shapes of evacuatiocn arevas io Figure b, Two

are right triangles, one with its vertex at the lefs, one with its vertex
at the righkt, and the third i5 a square. The buildup of the linear den-
sity in trhe tunnel as a function of time can te obtaired Uor any one of
these shapes by dividing the srea into strips of infinitesimal width

parallel to the tunriel. When the people in the n'th strip reach the
tunnel, the pecple ir the {n-1) strip have advanced Ad down the tunnel,
where ad is the infinitesimal width of the stiip, and the people in the

clogest strip have advanced nad down the tunnel.
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CGraphical sclutions for the linear dersities irn the tunnels for

]

the three evacuition area chapes are shown in Fig 7=, 4L "Density

Genersting Area" {DGA} is constructed by a topolegical transformation in
which the evacuation area is first rotated 1409 around the tunnel as

the axis, and then each point is transformed in the (-x! direction bty &
distance equal to itc f-y} lo ion. 1f the evacuation arcua and tunnel

velocities are different, i.e., if the average velocity in the tunnel is

Vo and the average velocity in the evacuation avea is Ve ther the trans-
formation ¢f each point in the 7-x) direction is egual to \Ty B I

the DGA is now moved parallel to the line y = Tx such that the
velozity in the x direction is v, then the linea oen;LtJ o.iX,t) in

r=i

L
the tunnel at any position x and tise t is givern by the product of the

evacuition area populatiocn density, ¢, and the width in the y direction
at that time of the portion of the DGA which projects above the line

y = ., or

QL Fytlo- Cl';'lxyt> - ‘113'1\ :".L IS IRY /\D:A i1 /\
where H(yl} is the Heaviside Turction sucih that H- 3,) -1 for ¥ .,
and H{yl} - fory, s .,y is the upper bound of the D3A at ix,t) and
¥, is the lower.

the sclution Yor o for the frian~ular cvacuation purtice in Figure

& is obtained by superposition of tre three soluticns in Figures T3,
t e 1

with the result illuctrated in Figure 17,  Under thic acssumptiorns given,
the rate at which prople flow into arny one of tne dwelling shelters of

the city in Figure 5 will bte given bty p, v.. where ¢  is the crdinatc of
L T, is
the curve in Figure 17 at a position X the location of the entrance

<

to the dweliling shelter, as the curve moves past that position in the

positive x direction with velocity

The ¢ sllest model rect. _ineur city which contains all pogsible

shapes of evacuation is & squure city with side of lingtih 7d, ag ghown

in Figure 11. The three basic evacuation shapcs are the corners, the
cetiter corridors and the interior cor:ildors. 7The cornersg are identical

S A

with the four squaree in Figure Db, The grapns of the linear densities
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in the tunnels for center and interior corridors are showr in Figuresg

12 and 13, respectively. These graphs exhibit a transient at the front
(right) end followed by 4 number of identical pattierrs.
city (n 2 1), the number

of transient patterns.

For a large

of these patterns will far €xceed the number
The average linear density in the tunnels when
all people have reached them is then pT = pd,

where p is the population
density of the clity,

énd d is the spacing between tunnels
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PREPARILG FOR A CIVIL DEFENSE RESEARCH IRFORMATION
CEITER : N EMPIRICAL APPROACH

Joanne §. Levcey

‘.1 INTRODUCTION

The purpose of this study is to prepare the way for an information
center on civil defense research information and to determine the shape
of the future center: its scope, purposes, services and methods. The

approach has been;

(1) to test one method of information handling which would provide
subject handles for retrieving documents;l

{2} to explore existing sources of civil defense research infor-
mation by seeking specific information in answer to the needs of
indiviiual staff members;

(2) to get an indication of the scope of civil defense research
by analyzing the conternt of current research programs and the rate of
literature published as a result of this research;

{4%) to gain insight into the current information resources, infor-
mation barriers, and information requirements of civil defense researchers
by conducting in-depth interviews with the interdisciplinary staff of
the Civil Defense Research Project; and

(5) on the basis of the resulis of the foregoing, to indicate
the kind of research information center that could beet serve the

needs of the civil defense research community.

4.2 INDEXES TO DOCUMENTS ON CIVIL DEFENSE

Three issues ¢of Indexes to Documents on Civil Defense have been pub-

lished - two '~ to the wunclassified reports and one'1 to the classified

reports in the Civil Defense Research Library. Each issue contains four

indexes to approximately 700 docuwments: (1) a Bibliographic Index, in

which the reports are listed according to the COSATI" subject fields and

groups,5 (2) a Key Word Index {KWIC) which lists every report under each

*Committee on Scientific and Technical Information of the Federal Council

on Science and Technology.
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significant word in the title and under each descriptor by which the
F title has been extended, {3) a Corperate Author Index, and (i) an

Author Index. The second two issues of Indexes in the series are
provided with a fifth index, which lists the documents in them by report
numbers. Of these five indexes it is the KWIC Index which shows at a
glance all the documents on a given subject in the Index and makes it
possible tec select these reports from the shelves on request.

A

li.3. EXPLORATION OF EXISTING SOURCES OF CIVIL DEFENSE INFORMATIOX
%.3.1 Introduction

j Another way of preparing for a future center has been to explore
' present sources of civil defense research irnformation by seeking such
information in answer to specific needs of staff members. Three
principal routes of exploration were:

(1) asking bench questions by letter and/or telephone to some
existing informaticon centers,

(2) requesting bibliographies on specific subjects for staff
members, and

{(3) sesking contractual information on active research and
development in areas of interest pertinent to those of staff members.

Of the three information analysis centers queried (Shock and
Vibration Information Center, DASA Information and Analysis Center
{DASIAC), end National Center for Radiological Health), the Shock and
Vibration Center proved to be the most useful. 1t has furnished specific

references to data on shock isolation und has provided a valuable refer-
ence on pressure multiplication in re-entrant corners (the increase in

\ pressure at the bottom of a wall compared with the middle).
4.3.2 Bibliographies .

Fifty bibliographies were requested from the Defense Documentation
Center. 1In each instance the requests were structured as explicitly as
possible so that as many relevant reports as were available would be *
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citeds The range oo subicct of the fifty vitdicpgrapliics was trouad,
including such diverse topics as food storage life, chock isolution,
rapid uxcavation, elcectromagnetlic pulse, pastattnek demography, and
petroleum industry vuwinerability. At this time nct all bilbliographies
: have been recelved and evaluated. However, enough have teen used to

; indicate their pertincnce and value. For oxample: on the e¢ffects of

nuclear attack on food, H- references were furnished apd 1: documents

ordered; on the effects of nuclear wartfare on transportation, o7
furniched, 31 ordered; on methods of excavation, 13 furrilshed, 7 ordercd;
é on electromagnetic pulse, 9% furnished, and 21 ordered. While there were
sore complaints - that the volume of unevaluated information was oppressive
and that the document search could have been made with more explicit

search terms - the overall indications are that DDC bitliographies fur-

W e e

nish very uceful references to civil defense researchers in the engi-
neering, physics, and biological fields.

In addition to the fifty DDC bibliographies, fifteen bibliographies
; were requested from the Atomic Energy Commission's Division of Tcchnical
) Information Extension (DTIE), where computer searches of Volumes 13

througk 21 of Nuclear Science Abstracts (NSA) can now be conducted. The

that we could reisonakl, uxpect to be productive. Some typical examples

( subject headings of ;iS4 were used ag a guideline to the kinds of searches
k : of bitlicgrarhics regucgted were those on the ettects of ionizing
radiation on fish, crops, and insects [three separate requests), the

vulnerability of livestock to radiocactive fallout, and the eflects of

‘é laser radiation on bacteria.

}g Two machine searches were requested from the National Aerorautics

Lf and Space Administration (NASA), based on the report literature abstracted
[

in its Scientific and Technical Aerospace Reports {STAR) and on the

published literature in the International Aerospsace Abstracts (IAA). i

}E The bibliographies requested were on shock isclation and on shock
ig attenuation in tubes, pipes, and tunnels. The NASA tiblicgraphies were

pertinent and useful though less exhaustive than thcse from DDC or the

same sutjects.
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Twenty-three letters to Science Intformation Exchange (SIE} were
written for resumes of active research and development contracts in
specific areas of interest tc staff members. The results were varied,
We received, for erample, notices of %2 research projects on insect
pollination of plants, containing an excellent coverage of the current

work being done in this rfield. On the other hand, we received only

N

notices on rapid excavation, much less than the ac .ve research in

this area would indicate. Seventy notices were scrit on the vulnerability

of livestock to radiocactive fallout, over CC cofi the effents of radia-
tion on the storage life of food, and 171 on container and packaging
material for focd - all representing excellent coverage of these areas
of interest. We received eleven notices on shock isclation, five cn
electromagretic pulse, one on warning systems, and none orn either shock
attenuation or the long-term social and psychological adjustments of
sarvivors of a nuclear attack. (It is quite possible that there is
1j v ¢ resecarch being conducted in these last two areas.) Contractual
inforewation of the same nature as that requested from SIE was also
sough. from DDC's now automated 1%0% Data Bank, which contains resumes
received exclusively from DnD and NASA sources, Results of the 1497

search were rot available at report time.
~.n THE SCCPE CF CIVIL DEFENSE RESEARCH

As an indication of the scope of civil defense research, it is
desirable to find out who is currently doing what research and the rate
of literature published. However, 1t is e>tremely difficult to make
such a determination. First, there is the problem of definition - what
civil defense research includes. One way of delimitjiig the scope of

civil defense research is to begin with tne civil defense functions

which are set forth principally in the Federal Civil Defense Act of 195C,

ag amended. Executive Order lCQSE,U issued July 2¢, 1961, assigned

many major, but not all, civil defense functions to the Secretary cof

Defense. The Secretary of Defense delegated these civil defense functions

.

/
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to the Secretary of the Army, who re-delegated them to the Director of
Civil Defunse. These responsibilities include the formulation of a
rational civil defense program whick includes measureg to warn the
population of attack, to protect it both during and after attack and to
provide for the recovery of society. Means of carrying out these
measures are reflected in the research program areas and projects of

the OCD -« some undertaken by the OCD staff; most, through contracts

with outcide research installations, While nine goverrment executive
departments and twenty-one independent agencies have emergency prepared-
ness responsibilities, which include, in some casec, research programs,
it is the vesearch program of OCD and 1ts contractors that comprises the
centerpiece of ¢ivil defense research in the Uanited States. Thus, the
research information generated by OCD and its research contractors and
the information sought by them to accomplish their research objectives
constitute the nucleus of civil defense research information.

The most up-to-date work unit listings of research and technology
resumes of OCD contractors used in this work were dated June 19, 1750,
These ZEZ resumes show that OCD research was carried on through contract
at approximately 35 installations. The locations of the mosst extensive

programs in 1% were: Stanford Research Institute (39 work uaite},

AN

U.S. Naval Radiological Defense Laboratory (Z5), Illirois Instit

~ 72

te of

[

Technology Research Institute {15) United Rescarch Services (URS:
- \ ’ 2

Cerporation (11), Institute for D=fens¢ Analysis {%), American Institutes

I AN

for Research {7}, und Research Triangle Institute (Z). Approximately
1% research reports were generated each year for the past several years
from CCD research programs. However, this report rate does not indicate
the real extent of the literature which is pertinent to civil defense
research. Another index of the number of civil-defense-related reports
produced under contracts other than those with OCD is the rate of report
accession by the ORNL Civil Defense Research Project. We receive appro-
ximately 12CG to 15{: reports a month, of which approximately 1.7 derive

from OCD contracts.




There 1s reason to believe that the c¢ivil defense report literature

has been increasing. Herzog and Jenkins in their Civil Defense Informa-~
7

tion Systems Analysis' have a table showing an "Analysis of Defense

Documentation Center Announcement of Civil Defense Related Unclassified
Reports” for the six~month period November 1, 133, through April 15,
1254 . Qut of approximately 5Cu0 listings, they found 75 unclassified
reports relevant to civil defense, of which 23 were produced under OCD
contract. That a library serving only about 25 civil defense researchers
receives twice as many research reports in one month as were found in TAB
in six months fowr years earlier suggests that the rate of literature

pertinent to civil defense research has increased substantially.

.5 THE CURRENT INFORMATION RESOURCES, BARRIERS ANT
REQUIREMENTS OF A SELKCT GROUP OF CIVIL DEFENSE RESEARCHERS

4.5.1 Introduction

T gain insight into the current information resources, information
tarriers, and information requirements of civil defense researchers, an
in-depth interview consisting of 21 questions was conducted with 21
staff members of the Civil Defense Resgearch Project. 'While the CDRP's
scope of interest does not cover the entire area of civil defense

research, it does have sufficient breadth tc be indicative of the

jo

civil defensc rcscarch community.

The educational level of the 21 interviewecs is relatively high:
thirteen have PhD's; three are doctoral candidatcs; two have Master of
Science degrees; one, a Master of Arts and one, a Bachelor of Science.
Further, the disciplines that they represent are diversified. Five are
in physics, five in engineering (with two chemical engineers, one civil,
one electrical, and one sanitary), eight in the social sciences (with
one anthropologist, three economists, three political scientists, and
one social psychologist), and three in biological science (one in ecology,
one in animal husbandry, and one in agricultural economics). The diver-
sity of project research tasks is conveyed by a sample of Kkey words

contrituted by staff members to describe their research interests. Under
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"g", for example, appear SEWERS, SEX, SHEEP, SHELTERS, SHOCK ISOLATIOX,
SOCIETAL RECOVERY, SOClOLOGY, SOYBEARS, SURVIVAL, and SYSTEMS ENGINEERING.

The program areas represented by staff research include: Systems Analysis,

Social Science Research, Federal Emargen:y Preparedness, Engineering Studies,

Weapons Effects, and Postattack Recovery (Table I).
L,7+2 Information Resources

Four questions were designed to get data on infeormation resources
of Civil Defense Research staff members: the information centers and/or
social science data archives with which they have had previous experience
(questicn 3), the abstract bulletins that they use [question 5, the
journals and newspapers they read (question ©), and the specialists in
their fields with whom they are familiar {question 13). One question
was asked to determine the potential usefulress to civil defense researchers
of 111 federally-supported information analysis centers (question 4},
Project staff members had used six information analysis centers and
twelve social science date archives (TableII). It is significant that

when presented with COSATI's Preliminary Directory of Federally Supported

Q
Information Analysis Centers,” staff members indicated «2 information

centers {Table IIJ) which would be of possible use to them in their work -
seven times as many as they were familiar with first-hand.

Project members cited a total of 33 Abstract Bulletins or Indexes
(Tatle IV) which they use regularly to keep abreast in thelr research
field. The inclusion, in the list, of agricultural, biological, chemical
engineering, economics, mathematics, physics, psychological, and socio-
logical abstracts underscores the interdisciplinary nature of the Project.

One hundred and sixty five (105) journals and newspapers were cited
as belng used regularly by project members. That only two of these
journals are read by as many as five people, while 105 journals &re read
by only one person each, points up again the diversity of researca interests.
A selection of journals which i1llustrates this breadth is: Air/Water

—ee e

Pollution Report, American Anthropologist, American City, Aviation Weekly,

Beef Producer, Endocrinology, Feedstuffs, International Studies.

[Rv——
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Information resources for civil defense not covered by abstracts,
journals, and direct contact with information centers include {Table
V) attendance at scientific meetings and other direct contact with
specialists; the Civil Defense Research Library; the Laboratory's Central
Research Library; Congressional materials; demand biblicgraphies; govern-
ment agencies, departments and bureaus; textbooks; the University of
Tennessee - Atomic Energy Commission Agricultural Research Laboratory;
special short courses at universities, and, of course, data from
experiments performed by the staff members themselves.

The collective information rescurces of the Project staff members
provide insight into how civil defense researchers keep abreast in their
field and communicate with one another. They also provide a valusble
nucleuvs of sources of civil defense research information which could be

used to direct the newcomer in the field.
4.5.3 Dynamic Information Routes

One question (No. 1ll) was included to find cut how each staff
member went about collecting research information for his last task.
The answers provided interesting data on the dynamic informztion routes
which some individual scientists follow when they must draw on their
customary rescurces and unearth new ones to begin work on a specific
problem. While the dynamic routes were individualistic, some hasic

ratterns did emerge. The following was a frequently cited one:

Abstracts - journals - articles - bibliographies (at end of
articles) = more articles (suggested by bibliographies) =
more bibliographies = still more articles.

Tals process - described as "pyramiding" - is a common one. A variation
is to begin with a specialist in the field and to follow his suggestion
as to reports to read and other authorities to visit.

Three project members, whose research responsibilities incluge

conducting experiments, begin their research with the card cataloguc of
the Liboratory's Central Research Library, where they locate basic text

books on the subject that they are interested in. Using the card
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catalogue as a guide, they carry cn an extensive self-education program,
§ progressing from the simple texts to the most comprehensive unes. After
: mastering the texts, they go either directly to their experimental regearch
(for example, designing and using a shock tube) or to papers and journals

and then to their erperiment. When asked about thc most frequent first

e

source to which they turn in their guest for technicul in.formation,

eleven staff members - more than nhalf - answered "a colleague,’ often

i
:

a colleague in the broad sensec - that is, an avthority associuted with
an cut-of-town university cr installation. The second mcst frequent

first source (rited by five staff members) was their Tiles, and the

v

v
third, the Civil Defense Research Library :four recpondents).

4.5.% Contractual Information

A question {No. 1.) was asked Lo determine Prcject members aware-
rness of the active research and development contracts in their area of
interest and also the value of such contractual informition. Fourteen
people indicated that they knew of contracts relevant to their work,
nine of these adding, "to some extent." Whether suck information is
useful seems to te a subjective judgment. Of three social sclentists
studying reactions of the American putiic to international events or to
glternate U.S. defense postures, one believes that contractual informa-
tion would be "very useful"; one, "uoderately useful," and one, "of
doubtful use." Similarly, a researcher on the feasibility of uiderground
utility tunnels and their potential use as btlast shelters believes that
. knowledge of active R & D in this area would e “very usetul," while a
: fellow staff member working on a similar task deems that such information

]

. would be "of doubtful use.”™ Thus, while a thoroughgoing scoping study
for an information center on civil defense research should include the
gathering of contractual information in order to determine the extent of
active R &% D pertinent to civil defense, a miniature study of twenty-one
researchers suggeste that not all civil defense researchers would seek

this knowledge for their own purposes,
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L.5.5 Information Barriers

The parts of the interview-questionnaire discussed above pertain to
information resources, that is, to how civil defense researchers keep
abreast in their field and bring their knowledge to bear on a specific
tagsk. Equally illuxzinating were the responses to the question: What
specific problems or problem areas can you p.oint to in your search for
information? The most frequently cited problem was the necessity of
sifting through enormous quantities of information, much of which is
irrelevant or of questiorable quaiity. Agsin and again the same com-
plaint was volced, "The utter avalanche of undigested information." To
be sure, the gold was in the ore, but rignt next to it was focl's gold,
which looked valuable and proved worthless, or ccpper, which indeed has
value but not when gold is the metal sought. Another barrier to nining
the golid was the poor quality of the tools: printed indexes are often
either too general or are inaccurate; the search terms in the mechanized
retrieval systems are sometimes tco gross for civil defense needs, falling
to distinguish, for example, betwe . "crops," which are of agricultural
importance, and plants, which may or may not be.

Still another frequently voiced complaint was that the lodes con-
taining the gold were too widely scattered, that researchers had to go
back and forth betweern different disciplines to get what they needed.
Further, while the research pertinent to their needs usually did exist,
it had not been conducted with their preblem in mind. An anthropolcgist
finds, for cxample, that she must go back and forth between the sociclo-
gical literature and the psyciiological literature - that the interaction
between social and personal properties is not always handy. A speclalist
in animal husbandry must pull together references from textbocks on
biology and agriculture and radiaticn to determine the vulnerability of
livesteck to radiatior; an agricultural) economist finds the information
on sterage coets organlzed according to minute categories - kinds of

171t

jellies - instead of the bread categories he needs - "fruits,” "meats,"”

t

or "fats and oils.'




The foregoing otstructions, though uwiafertunate, might be sald to
exist in natwre - that is, they are not purposefully € -ectcd by any
individual or group. Rarriers exlst, however, which arc¢ man-made. In .
some instances prospectors stake out a claim and zealously guard their
holdings from outsiders: there are persons and agencics that have the

information, even from government-sponsored recearch, but for various

.
Cu e e

reasons arc rcluctant to part with it.

4.5.0 Services Desired from an Information Center

Before considering ways in which an information center might remove
the barriers and ease the flow of information, let us examine the atti-
tudes of the Civil Defense Research Project's staff members towards such
a center. To the question: Wculd you use a central source of infermation
and data on civil defense research if it were available to you, nineteen
answered "yes" and only tws, "no."

When staff members were asked to rank from 1 to 4 the pessible
services that they would like a civil defense information center to
perform for them, "Pericdic Abstracts of Current Literature” came [irst;
an "Information Center” and "State-of-the-Art Reports” tied for second
and third places; and "Bitliographies" came fourth. Desire for these
services stood out well ahead of the cther =ix services which were listed,
with eighteen respondents {all but three} selecting "Abstracts" as one
ot their four choices.

Each staff memvber was asked to supply both a working question {one
he would like to have answered now! and a typical question that he
might ask of a civil defense research information center. A samplc of
the working questions chowed that their subject areas include attitudes,

. vulnerability to blast, costs of buildirng underground transportation
cystems, propagaticn of shock waves, pacxaging materials for foods,
emergency health services and plans for the management of resources.

A finul question asked to all those irterviewed was, "Would you
favor a2 mechanized retricval system for cur deoument colirction?”  This i
t

uestion was not tied te any future information center capalility btu

L3




asked simply in terms of the usefulness of such a measure under our
present set-up. It is noteworthy that 13 out of 21 answered affirma-
tively, four with various qualifications such as "if we have a cojnci-
dence system to reduce false drops” or"if we use it for data only" or
if we have sufficient documents to justify the cost.” Of the two who
answered "no," one thought our KWIC Indexes were wholly adequate if
sufficiently up-to-date, and one prefers browsing awmong the actual

documents and books to browsing among abstracts furnished by a computer.

£
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A ZIVIL DEFENSE RESEARCH INFORMATION CENTER

Before considering the shape of a future center on civil defense
research information, it is instructive to quote the definition of an
information center provided by CCSATI Panel No. 6:

An information analysis center is a formally structured
organizational unit specifically (but not necessarily
exclusively) established for the purpose of acquiring,
selecting, storing, retrieving, evaluating, analyzing,
and synthesizing a body of inforuation and/or data in
a clearly defined specialized field or pertaining to a
specified mission with the intent of compiling, digesting,
repackaging, or otherwise organizing and presenting perti-
nent information and/or data in a form most authoritative,
timely and useful to a society of peers and management.9
Keeping this definition in wind, on the basis of the operatirng
experiences of the Civil Defense Research Prcoject and the requirements
of its staff for research information, what kKind of center would be
desirable? It should be indicated at the outset that the establisiment
of a high quality, fine-grained type of analysis center, such as the
kind defined by COSATI Panel No. &, would be & formidable undertaking.
The breadth of civil defense research would seem to indicate not just
one but two or three such centers. There could be one, for example,
on engineering studies, one on social science research, and one on

postattack recovery to include both food producticn and economic recovery.
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In deciding the shupe of a civil defenee reseuarch infdrmation ¢ oot r
it is necessary to take cognizance of the nature of the civil defense
recgearch cnterprise. Tts breadih of scope accounts for the diversity

i<

Gt
the civil det'ense rescarch commuaity, and its contingent quality (nuclear
war might not occwr), for the fluidity of this community. This is to

« . «.at eivil deflense is not so muzh a discipline as a mission - that

specialists from a wide assortment of disciplines enter it

eg for an indef

inite
period of time to pertform a wide variety of research tasks and th-n go

on to something clse. While they are a part of this commusity, there arc
cservices which they can both provide and receive., The combined experience

of the ORNL 7ivil Defense Research Project membors - thie journals, abstructs,

and reports they read; the speciallists and informiatisn ccrters with whioh

they hLave direct contact, and their own reseuarch results cun furrish a

nuclecus of information which can be ugeful to sother c¢ivil defense resear-

chers. At the same time, a center can provide them with the gervices

for which they indicated a desire in the gquestionnaire-interview: abstracts

current literature, vibtlicgraphies, state-ct-the-art repgorts, and the

4

o
existence of a center itsel!f where they can viecit and confer with specialists

A center couid alsc help tc reduce the information turrieres, which the sgtarr

4

members mentioned, by collecting, arnalyzing, and evaluating the report
literature for them and by providing sophisticated and sensitive retrieval
tools which would pull out only that information that is rceievant to their
reeds.

The operating experiences of the present Civil Defense Rescarch
Project have equipped it witk a certiin ampunt of know-how in initially
directing the civil defense researcher to the infermation he needs. It
can provide him with a subject index to cver -+ of its own civil defense
research reperts; it can acgualnt him with other information centers
which might supply him with data; it can point ocut reports, abstracts,
ind journuls of possitlc use to him; it can show him Low to get contractual
informaticn on current R # D ir his fleld from SIk and trom DDZ.

However, while all thege services are poccible, the size of the
present. staff and the absence of a ceomputer retrieval rystem severely
t

limit the number of the researchers that the Project can hnndle.  7To
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cerve the c¢lvil defense rescarch community, a mechanized retrieval
capability is probably called for. If avajlable, this capability could
provide bibliographies to users of the Center by descriptor or combina-
tions of descriptors, by author, by installation, and bty date. Further,
{t would be possible for users of the Center to furnish their interest
profiles -~ a few paragraphs describing their speciflic area of regearch.
Then Key words to matchk the vozabulary stored in the computer could be
assigned to each interest profile and the comnuter queried at regular
intervals so that users could be sent those reports pertinent to their
rescarch which have Jecn entered into the system since it was last
interrogated.

To providc the Cent:r with mechanized retrieval capability might
require as long as six nonths to a year programming tims. The laboratory
already has similar ccmputer programs for a number of its information
centcreg; so the programmer's initial job would be to rit owr input into
an existing format. He could also devise a program which would read the
cards that 1. ve already been xeypunched for the KWIC Indexes and put
the inrormation they contain on to the computer in compatible form.

It we wanted to retain our capsbility for producing a KWIC lndex, the
programmer would have to write still another program, as at present
there is none available at CRIL which can produce a KWIC output from
the present mechanized retrieval systems used by the Laboratory infor-
mation centers.

A mechanized retrieval system would muike it possible to provide
information for large numbers of civil defense r searchers; it could
not, of course, guarantee the guality of this irlormation. In order to
avoid the complaint about the avalanche of undigested information, civil
defense researchers - here and possibly at other installations - would
have to regularly devote a fraction of their time to analyzing, evaluating,
and syntheszizing the civil defense research literature. Reports which
are either out-of-date or of inferior gquality would be removed from the
index. ©Only then could a truly effective information retrieval system

te offerced to the community.
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.7 TABLES j
TABLE T

Program Areas and Projects of Civil Defense
Research Project

SYSTEMS ANALYS.S

Civil D=fense Systems Aralysis: Optimun Allocation of Funds for Blast
Shelters to Protect Against an Anti-populetion Attack

The Role of Blast Shelters _n Strategic Defense

The Threat of Electromagrnetic Pulse from Huclear Explosions to Civilian
Power Systems

Current State of Tactical Attack Warning Systems
SOCIAL SCIENCE RESEARCH

Reactions of Foreign Countries and the American Public to Alternative
U.S. Defense FPostures and Determinants of their Responses

Responses of American Influentials to the Negitive Contingency of
Nuclear W:r

Cchort Analysls of National Security Abtitudes {(Attitudes of Different
Age Groups towards Foreigr Policy)

American Pubtlic Reacztion to Internaticnal Events
FEDERAL EMERGENCY FREPAREDMESS

Emergency Preparedness Organization and Activities of the Federol
Executive Agencies

EGRGINEERING STUDIES

Dual-Use Blast Shelters: Identification of Underground Transportation

Structures (Train, Highway, and Subway Tunnels) which hLave Poten-
tial as Blast Shelters

Underground Utility Tunnels: Their Feasibility, Desirability and
Potential Use as Shelters

Cost/Benefit Analysis of Underground Utility Tunrels
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Equipment Response to Ground Shock

Power Reactor Vulrerability
WEAPONS EFFECTS

Detection of and Protection from Biological Warfare Agents

The Atternuation of Shock Waves in Tunnels
POSTATTACK RECOVERY

Food Production
Grain Supplies and Vulnerubility
Vualnerability of Livestock and Salvage of Meat Products
Econonic Alternatives in an Emergency Food Reserve Program
Economic Recovery
Economic Regquirements for Survival and Recovery

Postattack Fconomic Organization and Control




TABLE 1T

INFORMATION ANALYSIS CENTERS AND DATA ARCHIVES
PRE/IOUSLY USED BY STAFF MEMEBERS

. Directory of Federally Supported .
Information Analysis Centers

Nurber of Members
Who Have Used Ce-ter

Information Analysig Center

pattelle-D=lender Information Analysis

Center (BDIAC) 1
Bureau of the Census 1
Military Entomology Information Service 1
Huclear Safety Information Cen. . &
Research Materials Information Center 1
Shock and Vibration Information. Center 1
> Sozial Science Data Archives in the United States
157
Council of Social Science Data Archives 1
Ropsr Public Opinion Research Center, Williams College 3
Inter-University Consortium for Political Resesarch,
University of Michigan 2
International Data Library and Reference Service,
Survey Research Center, Univergity of Cualifornia,
Rerkeley o
M.I.T. Social Science Data Bank &
National Opinicon Research Center, University of Chicago 2
Bureau of Applied Social Research, Columbia University z
Political Science Research Library, Yale University z
. Archive on Comparative Political Elites, University of
Oregon 1
Archive c©n Political Elites in Eastern Europe, University
of Pittsburgh 1
- Humar Rr-lations Area Files, Yale University 1

Cowicil for Inter-Societal Studies, Northwestiern
University 1




74

TABLE II

{Continued)

Information Analysis Center

Miszcellaneous

ORNL Instrument Department Information Center

The Biosciences Information Exchange (Smithsonian)

Number of Members
Who Have Used Center




TABLE III

INFORMATION AHALYSIS CENTERS CF POSSIBLE
USE TO STAFF MEMBERS

Directory of Federally Supported
Irnformation Analysis Centers

Information Analysis Center

Nwnber of Members

- e

Expressing Interest

Arctic, Desert, Tropic Information Center

Ballistic Missile Radiaticen Analysis Center
Rattelle-Dzlender Information Analysis Center {BDIAC)
Bureau of the Census

Criticality Data Center

Cultural Information Analysis Center

DASA Informaticn and Analysis Center {(DASIAC)
Electronic Froperties Information Center {EPIC)
Environmental Technical Applications Center, USAF
ERIC Ciearinghouse on Adult Education

ERIC Clearinghouse on Early Childhood Education

ERIC Clearinghouse on Educational Facilities

FRIC Clearinghouse on Educational Media and Technology
ERIC Clearinghouse on the Teaching of Foreign Languages
Fused Silts Information Center

Geodesy Division, CA4GS

High Temperature Behavior of Inorganic Salts

Isotopes Information Center

Laboratsry Animal Information Center

liquid Mctals Information Center

Military Entomology Information Service

Molten Salts Data Center

National Ce-ter for Air Pollution Control

ational Center for Educational Statistics

Hational Center for Health Statistics

~

1
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TABLE III
{Continued)

Information Analysis Center Number of

Members

Expressing

Interest

National Center for Radiological Health

National Center for Urban and Industrial Health
National Clearinghouse for Mental Health Information
Nuclear Data Project

Nuclear Desalination Information Center

Nuclear Fuel Technology Information Center

Nuclear Safety Information Center

Nuclear Science and Technology Information Service
Office of Economic Opportunity Information Center
Radiation Shielding Information Center

Reactor Physics Constants Center

Remote Area Conflict Inforwation Center (RACIC)
Seismology Division, CiGS

Shock and Vibration Information Center

Shock Wave Data Center

Target Signature Analysis Center

VELA Seismic Information Analysis Center (VESIAC)

Social Science Data Archives in the United States
1967

Council of Social Science Data Archives
Roper Public Opinion Research Center, Williams College

Inter-University Consortium for Political Research,
University of Michigan

International Data Library and Reference Service, Survey
Research Center, University of California, Berkeley

M.I.T. Social Science Data Bank

National (pinion Research (enter, University of Chicago

N o e R W

2]
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NOE e 0 e
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TABLE III

{Continued)

Informationr Analysis Center

Bureau of Applied Social Research, Columbia
University

Political Science Research Library, Yale
University

Archive on Comparsitive Political Elites,
University of Oregon

Archive on Political Elites in Eastern Ewrope,
Univeresity of Pittsburgh

Human R-lations Area Files, Yale Universit
2

Council for Inter-Societal Studies, Northwestern
University

Micscellaneous

Ohio State Disaster Research Group

Number of Memrters

Expressing Intcrest

sttt b arsm et +
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TABLE IV

ABSTRACTS REGULARLY USED BY STAFF MEMBERS

Number of Staff Members
Abstract Using Abstract .

Agricultural Index

Animal Breeding Abstracts (British)
Apicultural Abstracts

Aras Control and Disarmament

Asia Foundation Library Notes
Battelle Abstract Bulletin

The Bibliography of Agriculture
Biological Abstracts

Biological and Agricultural Index
Chemical Abstracts

Disarmament and Arms Coatrol

[ R S I R VI L AV R A e

Doctoral Dissertation (Thesis) Abstracts

Engineering Index

5

Government-Sponsored Research, Department of State,
Bureau of Intelligence and Research, Office of
External Research

=

International Periodical Index
International Political Science Abstracts
Journal of Economlc Abstracts

LAB Publications

Mathematical Abstracts

o D F e

Nuclear Science Abstracts (United States Atomic
bnergy Commission)

Nuitrition Abstracts and Reviews (British)

@

Peace Regearch Abstracts
Physics Abstracts
Psychological Abstracts

= & NN W

The Public Affairs Information Index




VRTINS T

vere

Abstract

TABLE TV

(Continued,

Nunter of Statff Membere
Using Abstract

Public Health Abstructs 1
Readers' Guide to Periodical Literature 1
Referotivni Zhurnal 1
Review of Applied Entomology 1
Sociological Abstracts A
Sclid State Physics 1
Technical Abstract Bulletin (D2fense Documentation
Center} 17

Water Pollution Abstracts
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TABLE V

INFORMATION RESOURCES NOT COVERED BY ABSTRACTS, JOURNALS, AND
DIRECT CONTACT WITH INFORMATICN CENTERS

Attendance at meetings and direct contact with

]

other project members,

professionals outside of Project but at OINL,

professionals in staff members' own field,

specialists outside of staff members' own usual field but
having kncwledge pertinent to their current research tasks.

ITay F )
N N P N

Central Research Library

Church of Jesus Christ of the Latter Day Saints {for information on
food storage)

Civil Defense Research Library

Card Catalogue
KWIC 1ndexes
Accessions Lists

Congressional Material

Hearings
Staff Reports

Demanid Bibliographies

luclear Science Abstracts {USAEC)

Tecrinical Abstract Bulletin {Defense Documentation Center)
Scientific and Technical Aerospace Reports {NASA)

By Project Library Aid

Experimental work of the staff members
General Qffice of Accounting Reports

Governmernt Agencies, Departments and Bureaus

United States Atomic Energy Commission {USAEC)
United States Department of Agriculture {USDA)
Office of Emergency Plannirg (OEP)

National Resources Analyeis Center (NRAC)
Office of the Interior

Department of Housing and Urban Development
Government Highway Department

Bureau of Comrercial Fisheries

Federal Civil Defense Agency Annual Reports
Office of Civil Defence
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TABLE v
(Continued)
Information Center Lists and Reports
Installations where activities pertinent to staff
ORNL Instrument Departmernt Library
Special {Short) Courses at Universities

Textbooks

University of Tenrnessee - AEC Agricultural Researe

research are carried on

h Laboratory {UT~AEC-ARL)

et 1

T

-
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.8 REFEREICES

For a detailed éiscussion ot the classification and indexing system
devised to provide subject handles teo the civil defense research
reports, see Annual Progress Report, Civil Defense Research Prcject,
March 1:v-. - March 17, ORNL-417%, Part I {17) pp. 131-135.

Joanne S. Levey, Ann 8. Klein, and Joanne H. Nelson, Indexes to 77
Unclassified Documents on Civil Defense, ORNL-CD-2 /January 1953).

Joanne §. Levey, Ann 8. Klein, and Bobbie«Jean Hatcher, Indexes to
Y03 Unclassified Documents on Civil Defense, ORNL-CD-% (April 17x3).

Joanne §. Levey, Ann S. Klein, Joanne H. Kelson, and Bobbie-Jean
Hatcher, Tndexes to 744 Civil Defense Documents {Classificd and
Unclassified, Limited Distribution), ORNL-CD-3 {April 1du:).

COSATI Subject Category List (DoD Modified), Defense Documentation
Center, Defense Supply Agency, Alexardria, Virginia {1%:).

Executive Qrders Prescribing Emergency Preparedness Responsibilities
of the Federal Government, lssued by the Executive Office of thLe
President, Office of Bmergency Planning, pp. 12-15.

W. T. Herzog, and J. E. Jenking, Civil Defense Informetion Systems
Aralysis {A Feasibility Study of Research Information Exchange)
{Vol. I), Research Triangle Institute, Durham, North Carolina
11935;, Apperdix B-17.

In preparing the questionraire for the interview, a particularly
useful report was: E. M. Simons, A. W. Lemmon, Jr., R L. Darby,

and W- H Veazie, Jr., Report on a Liquid Metals Information Center
Scoping Study to United States Atomic Energy Commission Division c¢f
Technical information, Battelle Memorial Institute, Columbus, Ohio
{September 15-3,. This study includes 4 six-guestion interview form,
from which the following questions were included (after appropriate
adaptation to civil defense research) in my questionnaire: (1) Have
you had any previous rxperience with information centers such as the
Radiation Effects Information Center, Defense Metals Information
Center, Advisory Group on Electronic Parts, or Plastics Technical
Evaluation Center? (2) Have you uced the MSAR Liquids Metals Techno-
logy Abstract Bulletin and/or the Brookhaven High-Temperature Liquid-
Metal Technology Review” (4 Rate, from 1 - the most important to

4 - the least important, the possible services which the Liquid Metals
Information Center could provide; (5) Would you use a central source
of information and data on liquid metals if available to you? (&)
List typical questions which you might ask of the Liquid Metals
Information Center? pp. 5-12.

Preliminary Directory of Federally Supported Information Analysis
Centers (nct yet ready for publication).
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Iv. CIVIL DEFENSE PROTECTIVE SYSTEMS

5. DUAL-USE UTILITY TUWRELS

W. J. Boegly, Jr., W. L. Griffith and K. F. Nelson
S.1  INTRODUCTION

Results of tihe survey of present day utility tunnel practices and
the preliminary design of a utility tunnel system for the White Plains

(1
Central Renewal Area were reported lacst year.® ) Research this year

has been mainly concerned with refining the costs of the White Plains
tunnel system, completing a cost-benefit analysis for this system,
determining the requirements and costs of auxiliaries for shelter use,

and studying new concepts for utility systems which could be included
in future tunnels.

5.7 WHITE PLATNS CENTRAL RENEWAL PRGJECT

Revisions have been ma®> in the estmated cost of a tunnel systex

for the Central Renewal Project. Mure representative costs based on

data from White Plains have been used tu estimate excavation and tunnel

construction costs. Information from the local utility ccompanies has

been used to re-estimate utility installation costs by conventional

methods, including the cost of the cables and installation. Estimates

of the number of power and telephone cables installed in the tunnel for
use in the renewal area have also been refined based on information

from the utility companies. Costs of cables feeding areas outside the

renewal area have been excluded froz the cost estimates; however,

trays were supplied to meet estimated needs. Based on these changes,

the revised cost of a tunnel system for White Plains would be

&4,380,00C for the 7,100 feet of tunnels. As reported last year, the
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major cost items in the White Plains utility tunnel system are
excavation and backiill, and reinforced concrete.

Table I shows the estimated costs of conventional utility
systems versus the cost of the equivalent utilities installed in
4 tunnel. The "savings' shown are basically the reduction in
excavation costs for the individual utility systems, since
excavation for the tunnel is included in its cost. Thus, it would
cost $3,550,000 more to install a complete utility tunnel system
instesd of & direct burisl system. Operating and maintenance cost
for the tunnel system has been estimated to be $19,000 per yesar.
Of this total, $16,000 was chargeable to operating costs such as
power to zperate ventilation fans, hest for the tunnel in extremely
cold weather, etc. Heating of the tunnel would be performed with
hot water from the centrxl hesting plunt. Maintenance of the tunnel
consists mainly of routine checking and repair of the fans, sump

pumps, gus detection system, etc.
5.3 WHITE PLAINS TUNWEL: COST-BENEFIT ANALYSIS

i cost-benefit study of the White Plains system has essentially
been completed. Where research establigshed that c<.atistics to measure
reduced utility operation or maintenance cost and future social costs
and benefits were not availuble, runges of such costs hsve been
estirated. ncideration of such information shows that, in the
absence of budget constraints, & tunnel system might uppear
economically desiravle from the city's viewpoint.

In this study, costs und benefits of conventional underground
vtility systems huve been compared with similar iustallations in the
utility tunnel. The assumptions 1nd capitul cost estimates employed
in the development of the prototype Winite Ploins tuninel were used
(See Table I). For purposes of comparison, capitel valuec have beep
converted to their annual form (reduction) by assuming an interest
cost to the city of 47 and a repayment schedule of 2% years. The

study also ussumes that the tunnel would be bullt as part of the

r—
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TABLE T Cost Comparison of Utility Tunnel System Versus Equivalent
Conventional System for White Plains

CONVENTIONAL INSTALLED SAVING

ITEM UNDERGROUND IN TUNNEL (%)

POTABLE WATER 750, 000 560, 000 25

NATURAL GAS 160, 000 70, 000 56

HEATING & COOLING SYSTEM 2, 650, 000 2, 250, 000 27

TELEPHONE SYSTEM*® 380, 000 250, 000 34

ELECTRICAL SYSTEM® 750, 000 730, 000 3
COST OF TUNNEL - 4, 380, 000
TOTALS 4, 690, 000 8, 240, 000

“INCLUDES SYSTEM FOR RENEWAL AREA ONLY.




White Plains Central Renewsl Project and thus that urban renewal
procedures apply. Annual estimates of operation and maintenunce
costs and social benefits have been made rrom the available
duata.

These data have been crganized as described in the text and
summarized in Table IIf' To indicate the incidence of the various
costs and benefits ard their relevance foxr decision-makirg, the
various producers and consumers affected by the tunnel system have
teen listed. The cost and benefits accruing tc them are shown in
their simplest terms, as the additional cost or benefit incurred
with the utility turnel alternative over conventional burial. Only
the capital investment required in each of the two cases has been

listed to show the magnitude of expenditure invclved.
$.3.1 Prcducers

Ite

£l

1. PRedevelopment Agency. Under urban renewal procedures,

the agerncy acts as a transfer agent, bullding the tunnel for the city,
ard being reimbursed by goverrment grants for its cost.

Item 2. City Services. A saving of §130,CCC would be achieved
by installation of water lines in the tunnel. On an annual basis,
this is shown as a saving of &12,CC0 for the city, since the city
bond issue for water mains would be lower. A measurable benefit
tc the water department from savings in msintenance, ml, would
probably be quite low, since water leaks reguiring repairs appear
to occur at a rate of about 0.2 breaks per mile per year.** Assuming
that city departments should pay rent, ry indicutes the amount of
rert the water department would pay per year for use of tunnel space.

Traffic lights, signals, and other city wires would also achieve

E.3

The method of presentation follows Nathaniel Lichfield, "Cost-Benefit
Anzalysis in Urbin Redevelopment,"' Berkeley: University of California
Center for Real Estate, 1362, 57 pp.

* % .
Based on statistics from Chicugo, Detroit, Philadelphia, and St. Louis.
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a measurable saving, m,, from easier maintenance. They will pay
rent, r,, as well. B

A Benefit, m3, is listed for roads, because of the access tc
distritution lines provlded by the tunnel. This means that there
should be fewer road cuts and thus less need for repaving. Although
measurable, no figure could be assigned, but the benefit would
probably be small.

Assuming that the Department of Public Works will be responsible
for the operation and maintenance of the tunnel system, Table II
shows $12,00C in both the benefit and cost columns, reflecting the
yearly cost of operating the tunnel which would be recovered in full
from the depsrtment's share of utility rents.

Item 5. (City of White Plains. The city's share of the cost of

the tunnel system under urban renewal, if the whole cost were judged
an eligible project expense would be $788,000, and is shown as a cost
cf $30,2C7 annually. The city however, from reduced capital
investment in the water system, also receives the equivalent of
$12,00 yearly as o benefit against this cost. The remaining yearly
cost to the city of §38,00C is also entered as a benefit, since, if
the city is to regard the tunnel as desirable, the costs of the tunnel,
both annual charges and operation and maintenance, should be
recovered from the rents paid by the participating utilities.

Under the subheading of taxes, an annusl cost of 326,000
reflects the luss tc the city of revenue from its franchise tax
of 4% on utility property, if the utilities in a tunnel spend
FOLC,CCC less in capital investment. On the benefit side is m, ,
representing a measurable additional real estate tax revenue to the
city, because the assessed value of the bulldings in the area would
probabtly be greater because of the presence of the tunnel and
associated conveniences. It has been assumed that W, would roughly
balance the loss in utility franchise tax revenue.

Item 7a. The Hew York State government, under urban renewal

4,

procedures, would pay 375&,00C toward the tunnel, which is shown in

rarentheses in annual form.
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Item 7b. The federal government, through an urban renewnl grant,

would pay the bulk of the cost of the tunnel or #2,803,00C. OCn an

annual basis, this represents §$173,000.

The federal government would also lose approximately §13,CC0 in
income taxes that would be paid by the private utilities on their
additional investment in conventional burial.

Iter 3. Private utilities. The cost columns for each of the four

participating utilities show the two capital costs for the alternative
means cf installstion, and the rent that would be paid to the city

for use of the utility tunnel. The benefit columns show first the
savirgs in annual charges due to the lower capital investment, and
second, estimates of maintenance savings possible in the tunnel. These
estimates, which were arrived at in part through consideration of

totsl maintenance expenditures for each utility, approximate the
savings that could be expected in this area.

a. Electric. Assocliated with the 120,000 differernce in capital
investment between conventional burial and the tunnel system would be
savings in annual charges - return on investment, taxes, depreciation,
etc. =— of approximately $3,00C. Yearly maintensznce savings of §1,000
were estimated from data on czble and Jjoint failures.* This z2ssumes
that fsilures due to such causes ss mechanical damage and corrosion
would be decreased in the tunnel system, and that the costs of repair
per fallure would be less with easier access and no traffic control
protlems.

b. Gas. Annual savings of §$13,CCC result from the difference in
capital investment between the two systems. Maintenance savings, m_
are measurable, but in the abserice cf any statistics about the ’
probability of leaks were not estimated. There is a possibility
that short-term maintenance costs might te greater since every leak
would be detected in the tunnel by the sensing system and would have

te be fixed, but there would probably be a long-term gain since

* -
"Cable Operation, 126:" Edison Electric Institute, Hew York, L.Y.,
1304, 23 pp-
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replacement couid be on a scheduled basis.

¢. Telephcne. The telephone system wculd also show savings in
annual charges due tc decreased capital investment. The savings in
mainterance were estimated by assuming that the same factors would
apply as in the case of electric cables.

d. Heating and Cooling. Maintenance savings of 85,000 for this

system were estimated by comparirg the maintenance cost of a conven-
tionally buried central heating-cooling systems with those for a
similar system in a tunnel. Since the systems were roughly comparable
in terms of age of system and load, it was assumed that B80% of the
difference in maintenance costs were due to the protection afforded by
the tunnel.

For each of the private utilities, as well as for the city-owned
utilities, a ri has been entered in the table as an annual cost. These
ri are the rents paid to the city for use of the tunnel space. Note
that they must at least equal $57,00C, the sum cf the tunnel's
operating and maintenance expense and the annual repayment costs for
the city's bonds, if the tunnel is to be judged economically feusible
from the city's point of view. Since the sum of the anrnual savings
to the private utilities and the city depsartments $101,000 + m, oo+
w, + m., is greater than $57,6C0C, it would appear that the city

could definitely recover its costs.

~

£.3.2 Consumers

Item &. City usess. A benefit to motorists, me, is listed to
signify that measurable benefits in terms of time saved, reduced
accident freguency, gasoline savings, etc., would accrue because
of less frecuent traffic obstructions. For pedestrians, il signifies
the intangitle advantage of sidewalks and streets unimpeded by utility
repair crews snd associated traffic ccongestion.

Since room fer future expansion for sl1ll utilities is available
in the tunnel, i? ls listead as a benefit for utilities. Tnis benefit

must be considered intangible in the time scheme of this study since
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none of the utilities included was willing to predict sny recessity

for mujor expansion of thelr lines within Z¢ yenrs. Although it is
true that for sn urktan renewnl project sren, prediction is exsier
thar for the average city bvlock, utility ccmpanies have underestimated

rowth before, and may well again.
y

Item 4. City as » whole; new site occupiers. The itable lists
twe intangible benefits, i

3 and ih’ which refer tc the esthetic
advantages of a park-like setting that 1s not disturbed by utility
maintenance and repairs, and to the possidle benefits for stores in
an azrea unhampered by street cuts and ensuing traffic jams. To s«
certain degree, these tenefits would Ye meussurable, m., as the
ircreased value of real estate in the area, which wouid accrue tc the
owrers of the real estate in the form of increased rents, and, as
mentioned sbove, to the city as increased tax revenue. The whole
city of White PFlzins would benefit from such advantages to the intangible
extent that business, hotels, conventions, etc., were attracted to
the area.

Another intangible benefit that would =ccrue alcng with the
improved access and maintenance of utility lines, is the reduced
probability of gas leakage and explosion, i1_, however, a physic-l

cet, pl, was included to represent tne reméte chance of a3 major gas

leak resulting in a major explosion.

Item &. HNation as » whole. The nation would bernefit %o the
extent that information sbout the v-lue of utility turnels in them-

selves and as possible dual-use shelter systems were produced by this
project.
Item 10. Utility consumeres. The meussur~ble excess of savings

afforded the utility companies by the tunnel over rent paid for use

of the turnel should, bty law, be passed on to consumers.

The relevant point of view for this analysis and fcor the decision
about a utility turnnel in White Plains is that of the city of White
Flains. If the Federsl and State grents nre considered merely as
inputs, the tunnel wculd compare attractively with conventicnal

utility systems in the ceritr4l renew-:l

aren. As discussed <bove, the




a:z

sivings of the purticivating utilities in capital and wairtenance
charges would enable them to pay rental charges that would pay off

the city's investment, and cover the operating and maintenance costs
of the tunnel. The utilities would in uddition gain the advantages of
sheltered work space, free nccess, protected environment, etc., that
many of them cite faverably but are unwilling to assign monetary
value.

However, this study has not considered possible alternate uses
of funds, nor would it be easy ts determine an Internal rate of
return for a tunpel to compare it with other possible projects. To
cite only the most obvious fact, the prejected cecst of the total
urtan renewsl project has increased over 3005 in the 10 years since
it was first proposed. This and the many other crying needs for most
cities today--scheols, housing, transportation*-— may well be
considered more urgent than utility tunnels.

It should also ve noted that the "savings" du: to reducticns in
annual charges for the private utilities involve redistribution of
assets and the income therefrom rather than "real” savings. In s
tunnel, the utilities would operate equivalent -acilities with 2 lower
total investment. Becsuse of the lower investment, payments to
goverrmenits in the form of taxes and to bondholders in the form of
interest wculd bte less. Thus the apparent savings, which could be
used to pay rent. The only real as opposed to redistribution
savings appear to be savings in utllity operation and maintenance

expense and savings in traffic costs.
5.3.3 Possible Institutional Constraints

To round out the study some legal, institutional, and sociological
problems that might accompany municipal owrership of a tunnel constructed

with urban renewal funds where spuace is rented to several different

*

see, e.g., State and Local Public Facility Needs and Financing, Joint
Econcmic Committee, U.S. Congress, Washington: U.S. Government
Printing Office, 13£C.




ntilities hkave been considered.

1. Liew York state laws governing municipal ownership of utilities.

According the stnte laws, the City of wWhite T'lains could legnlly owrn
and operate such  tunnel. If constructed by the local Urban Renewal
Agency, a tuwinel could be deeded to the city as o utility easement, and
it could be maintaired :nd operated by a city department. Under its
charter and the state statutes, the city could issue either revenue

or genernl obligation bonds to pay for a tunnel if it so chose and the

city voters approved.

2. Federnl Urban Renewal Regulations. No precedent exists since

no utility tunnel as such hus yet been built with urban renew.l funds.
The most likely interpretation of existing statutes would be:

a. The tunnel would be a "publicly owned utility facility” and
thus an "eligible project improvement." (Urban Fenewal Manual, 11-1-1}.
Eligible project improvemerts may be charged to Gross Froject Cost,
or if paijd for by the city, offered as z non-cash local grant-ine-aid.

b. The Leeal Project Agency mzy dedicate the land or essement
in land required for a project improvement, as well as the improvements
themselves, to the public entity that will be responsible for its

cperation and maintenance. (Urban Renewal Manunl 1%4-7%-3)

¢. Hewever, any lsnd or easement for a public improvement thnt
is in excess of requirements for the project itself =h3yll te szld ut
not less than fair value. {(Value for the most suitable alterraztive
private use for the land.) This last qualificaticn may be significant
in White Plains because both the local Consolidated Edison substation
and the New York Telephone building are located in the urban renewal
area and large electric transmission and telephone feeder lines that
do not serve the immediate area would te installed in the tunrel.
liowever, the fair value for this underground spnce may te low or
nor-existent.

3. City-utility relations. Private utilities, especially

electric and gas, have different viewpoints compared with public
utilities and suthorities, and may resist the changes rnecess:ry to

install a city-owned utility turnel. The possibilities of resistance




may be enhanced by a tunnel with many different utilities using the
sume space nnd with monitorirg and inspection by the tunnel cperator.
Similar situations are found in three cities, Baltimore, Montrezsl,

and Lew Britain, Conn., in which the city owns underground conduit

and rents spnce to various utilities for power and communications lines.
The main continuing problems found in these cities are as follows:

a» "Free space”. In Euzltimore, the city has claimed that as
liundlord it is entitled to use the conduits for its system without
charge. This means that the private utilities, through their rental
payments, have paid most of the systems' opersting budget, even though
the city's lines use 1/5 of the occupied space.

The utilities' position has been that they would nrot be in the
city system if the city were only a landlord-- that the city requires
them to use the system through legislation and thus the city should
pay its share. Last yenr the Baltimore city council adcpted the
utilities' position, but discussion continues ss to whether this
decision should apply retroactively.

b. liability. 1In these city owned systems, damage tc the lines
of a1 utility is piid for by the damage-causing zgent, be it city or
utility. However, if damage were to be caused by a bankrupt
utility, as was the csse in RPaltimere when scon-to-be-discontinued
transit company cables were pcorly maintained, there is no way teo
g4in redress. Moreover, in these systemg, liability for damage to
their system by non-negligent failures hss beer. assumed by the partici-
pating utilities, and the probability of such nor-negligent damage
occurring might be increased by a larger number of separate utilities
occupying a tunnel.

c. Inspectior. In general, utility companies did not favor the
requirement of a city inspector when work is done in the systenm,

hicwever, inspection and limited access would probably be necessary.
5.4 DUAL-USE OF THE WHITE PLALNS TUNLELS AS BLAST SHELTERS

Use of the proposed utility tunnels as civil defense shelters

would reguire s numter of modific:tions and additions tc the tunrel
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system. These include: entrances, blast dcors, air conditioning
systems, life support systems, storage for fcod -nd medicnl supplies,
and sanitary facilities. The cost cf these items can be broken

down into time deperident and time independent costs. Time dependent
costs are theose which should be incurred at the time original
construction is initiated, and time independent costs nre those that
can be deferred urtil such time 2s the conversion to sheiter may

te necessary. In the case of the utility *unnel, it was nssumed that
all additional excavation and construction for storage rooms, sanitary
facilities, alr conditioning equipment, and entrances were time
dependernit so that the city streets were not torn up at a later date.
The eguirment for these areas could be deferred.

It was estimated that the miximum daylienht population in the
Central Renewal Project would be sbout ©C,000 people. Becnuse the
exact use of spsce in the Westchester Forum is ncot known at present, no
accurate estimate of nighttime populaticn is known but it is
protzbly less than &,200. I caleulzting costs for civil defernse,
design populaticns from 5,50C to 20,000 people were used. Space and
floor area available for ezch shelter cccupant in the White Plains

tunnels sre given in Table III for shelter populaticns from 5,GUC t

o
C. At higher population densities the floor area per person is
considersely less than normally specified. Hewever, even though the
floor urea wou'd be small, tecause of the connections to building
bisements nnd pirking garsges it would be possidble to relieve crowded
conditions sfter an agttack und prior to return to the surface by
moving part of the shelter occupsnts to these areas.

Table III. Unit Aress und Volumes Available in the White TPlains Tursiels

Chelter Pcpulation
5,000 Lo, 0 15,00 T e

2
Unit volume (£t~ /person; 1% £n ]
By

¢
;
(%)

Uriit Ares {ft’ /person: 4
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Hew.1l  Environmental Control System

Ventilatiorn and Air Conditioning

Emcrgensy coniiticns for White Plaing were assumed to require
air conditioning cquipment that would operate in a "tutton-up”
condition ror up to eight hours and for a continuous period of 3O
days fcllowing the "button-up" period.

Air conditioning requirements for the long period of cccupancy
rafter an initial period of two hours) were first considered. Tt

wa ssumed that 57 Btuh is given off by each person (.. Btun

™
o

i

sensible heat and 2ul Btuh latent} and the dry bulb tempsrature
within the tunncl wouli Le mairntained at = °F with a wet tulb
temperature of 7loF. The effective temperature would therefore be

F. Other scurces of heat concidered were lights, co., removal,

cfm per perscrn of cutside air, and heat losses from méchanical

woat.  Ifa temperaturs v e in the tunuel alir of E,CF Were per-
mitted, the gquantity of conditioned air regquired weuld be &), 90 afnm
vor 1, .0 people.  The conditioned air to the tunned was assuned o
have a dry tulo temperaturs of L-F and a wot bulh of .= OF. Arproxi-

matoly 7r otols of ailr Le required per 1,70 peopic.

rrople are rorvous and cxeited,

i, Uhie would cause the heat
cradased Ly tne shelterass pannlatiosn fo be gomenhat bigherp, poreihly
reaching 1, . Buuh at tnos very beginning (27 Rtuh soncitle and
btur. latent heat,.  The temperature of the cororots tunnel was azsumed
te be ac aversge of the growd a:nd outeide air temparatur~ or approxi-
temperatare of the conerete corvize moduwles was

t oo the garrowraing sc.l, approximately S07F in

tne mir carsaleted throaeh the Lonnel plosg up feat
from people and olner couarcor, there wWouwd to g tempsratiure Jivfer-
cntial boeoweon the alr and the faze of Lhe conerete,  SOmC neat would

b transferrce fror the aiy Lo the concry-te of the tunnel ann corvieoe

modizies, while some would be removd by the oxtra capacity that he

coil would have when no cutolde iy owas belnp supplliog or

‘
1
!
i
:
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during the butlorn-up preriod rayosnd that reguired for lony time oo

Sinoe the oxidrior air might oo hiphly cortamirates wi

monoxide and the other toxice from the hourrd

Tiratiocon ctatdd pre-

i~vices would periodi-

locationg, and tlat

cuteids air would bhe takern in

Caloulatione

L

would ctill te re

-
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Oxveet. Supply and Carror. Dioxidce Removal

Valu £ for the numan

LWl rColare
Steiverc. 77 Thaege valucs wore: o000 cunbdeo oot o ouvaon Gl g

per  voand L7 cubio Ot of carbon disxide /hour/percon.

referonce alro 1n7luded tolerurce limits Tor thers pacec

for minimum oxygen, and 1 rercent

TATLTh

de. Howgver, it wag also reported that < percent carton

dioxide ~ould Lo teclerated lor -.-hour expogure, ard - percent could
20

e concidored the maximun for l-howr expocrae. 7 Ia (hic study both

the 1 o

recnt carton dioxide level arnd the < porcent limit have beer.
~oarideros. Foroan t-hivar button-op period and a shelter population

oy o, A0, fome form ¢, carbon dioxid. roomcval system would bk

rogalved. Qoly oat oa shelter population of !, il people could an
~hhw priod b oprovided without greatly cxcoecding the - operoont

Yiwit. 1Y o curton dioxide removal wers reovidocl, e Lutton-ug
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veriod to reaci. 3 percent cartoen dioxide w~2uid range from 1.¢ hours

to Y. rours for shelter populations of 20,000 and 4, i
Different schemes for extracting carbon dioxide during the
o)
=y

button-ur perici have been suggested. The one selected utilizes
T 3

lithiun hydroxide canisters placed in & bank similar to a filter
bank located in the air stream in the eguipment room of the system.
Carbon dioxide sampling instrumentaticn wdould be located in the return
duct system which would control dampers that would let the return
air flow througn the canisters for extraction of the carbon dioxide.
The chemical process invelved in this extraction is excthermic with
approximstely 107 Btu being liberated with the absorpticn of each
cubic fost of carbon dioxide.

Although a minimum oxyger concertration of 1o percent was used in
this study, it has been reported that corcentraticns as low as 1:

N

percent could be tolerated tor short intervals.' ' For a shelter
pcpulation of 7,000 the allowable cxygen concentration of 1o percent
wouid be reached in 1.1 hour

Tw~vo methods were considered for supplementing the air with
oxyzen during the btatton-up pericd; sodlum crnlerate candles and
bettled oxygen. Eottled cxygen was chosen because it appeared to be
the most economical. BRanks or coxygen cylinders would be stcored in the

return 2ir plenun vaived for automstic contreoliled feed into the air

supply. ‘The valves woulid be regulated by oxygen sampling instrumentation

i, the return air plenuwn.
After the buttor-up period (during the next 3. days; ©U, " cfm

£ cutside air would Le supplied to each system to mect the oxygen

ard carbon dioxide concentration requirements. With 3 ¢fm per perscn
of

el

cf cutside air as makeup there would be an adequate factor safetly

<.

-

for carbon dioxide removal and oxygen supply. Also, the 3 cfm per

person cf makeup air would help control the problem of odor.




g

aone

p

5.4.2 Details of System

Dirferent types of systems were considered for conditioning the
air for the tunnel. Because of the preserce of the central heating
and cocling plant and the existing chilled water lines in the tunnels,
use of this system appeared to offer economic advantages. By
hardenirg z portion ouf the central plant cooling capacity at the time

of constructicn, thils facility could be used 2s a chilled water supply
for the shelter.

Module Equipment

Twenty separsate alr handling modules appeared to be the most
feasible way of providing the shelter reguirements. These modules
would te installed adjacent to the tunnel at about 35C ft intervals.
Each module would meet the needs of approximately 1,0CC people and
would have a cooling capacity of €5 tons. Each module would consist
of the following components:

a. Qutside air intake - this would be provided with a blast valve

and would be "hardened" to withstand blast. The same intakes
and exhausts would he used for the shelter environmental
control system as those used for normal operation of the
utility tunnel.

b. Lithium hydroxide canisters - each canilster is 10 inches long

and © inches in diameter. Each contains 6.4 1b. of granular
anhydrous lithium hydroxide. One hundred canisters

would be required per system. The canister bank would have
dampers on the inward flow side tc let the sir flow through

when extraction of CO2 was nezded. Also, dampers would be

E R TR R Tk il b e S

installed so that the air flow could be directed around the
bank of canisters.

¢. Oxygen Cylinders - Twenty-six oxygen cylinders of standard 244

cubic feet size would be needed per system.

b VRt

4. Prefilters - provided to fiiter out the larger of the

[LFWRTIE TR PV

particulates which could te in the return snd makeup air sas
well as any lithium nydroxide attrition.
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e. Charcosl filters - used tc reduce the odor problem.

f. HEI'A filters - to remove smill particles carrying radioactive ’
fallcut that would be brought in with the outside air |
makeup. They would also filter out any charcoal filter
attrition. *

g- Fan - double width, doutle inlet fan that would supply and ¢
returr. the air to the tunnel.

h. Ductwork - extends down the top of the tunnel in both directions
(approximately 150 feet in each direction) from the eguipment
room so that some degree of tempersture control could te
maintained.

i. Plenum - a plenum located at the side of the egquipment room
which houses the air conditioning equipment would provide =
returr: air path for this system, an equipment access, and .

a place for storage of oxygen cylinders.

Jj+ Chilled water coils - ccils in each module would be sized

to provide 72 tons of cooling capacity. Approximately lun . 5
gpm of chilled water would be regquired for each module.
Existing chilled weter lines installed in the tunnel would

be used to supply the modules.

Certral Plant

The proposed central cooling plant for the White Plains Central
Renewal Area would contain ten 2,20C-ton chillers, two 150-million
Btu/hr. boilers, and an EGU-kw emergency generator. Two of the proposed
chillers would be "hardened" underground so that a standby unit would
be available to operate the environmental control systems in the tunnel
during an emergency. The chillers wculd be required to furnish
approximately 1,44C tons of refrigeration, and would supply chilled
water at 40°F.

Approximately 5CC gpm of makeup water would be supplied to the
existing cooling towers at the central plant by a drilled well. If
all coocling towers were destroyed, this makeup water could Le

supplied direc:tly to the condensers of the hardened chillers.
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5.4.3 Water Storsge
white Plains obtains its water supply from the New York City
aqueduct system. The avallabllity of this water supply after attack
w3s not known and a water storage system has been provided for
shelter use. Use of the well at the central cocling plant as s scurce
of potable water was not considered beczuse of a lack of data on
groundwater quality in the area. Table IV gives the assumptions used

in calculating water storage reguirements.

Table IV. Water Storage Requirements

Use Gallon/Person/Day
Drinking and Food Preparation Ceb
Sanitation 1.¢

rotable water mains would exist irn the utility tunnel. If these
lines were intact and could be valved off, €.Z day's supply (62,000
gal.) would be available for domestic use. In the shelter design
this capacity was assumed to be availaidble In addition to the water
stored for shelter use. In the case of sanitation water, storage for
a one day's supply was provided. The remainder cf the water for this
purpose would be supplied by the well at the heating and cooling plant.
A flow of 2.1 gpm would be sufficient to supply all sanitation water

needs.
S.4.L Sanitary Facilities

As described in the previous section on water storage, it was
assumed that minimur water would be available for sanitary purposes.
For this reason chemical toilets were provided. Wwaste from the
chemical toilets and sinks wou:d be pumped to the exlsting sewer
system by a pneumatic ejector. Minimum design requirements for the

sanitary facilities were one water closet for each 40 men, one water

———




closet for each 30 women, one uriral space for each 0 men, and
one wash basinr for each (4 pecple. In addition, large sinks wervre
provided in each module for washinz of miscellaneous items.

A modulsar gystem was used, rroviding facilities for 1,200 meun
and 1,0l women per mcdule. The chemical toilets and urinals have
common tanks which would be connected to the sludge ejectnr.
Ventilation air (2 cfm/seat opening! would be drawn into the tank and
exhausted to the outside. Each module would contain 7€ water closets
foer men, 4G water closets for women, & urinal troughs for men, 3¢
wash basins, and 30 cubic feet of storuge area for sanitary supplies
and chemicals. A4lso each module would include a 3,0C0-gallon water
tank for sunitary purposes (one day supply for 2,000 people), and
a 30,C0C-gallon drinking water storage tank (30 days supply for
2,2CG people).

5.4.5 Fcod Storszge

Storage spuce for standard OCD food packages (based cn cne food
package for five people for five days) would te provided. For a
reference population of 20,00C people for 20 days this amounts to a
needed storage volume of 30,50C ft For modules of 5,000 people,
this would be n space 17 ft. high by 10 ft. wide by 1CC ft. long

includirg spzce for access.
5.%.6 First Aid 2nd Medic:l Supplies

Stcerage volume for first aid supplies were based on the use of
0Ch Medical Kit C, which would supply the needs of about 30C people
for 1u days. The volume of each kit is 5.7 ft3. For a shelter
population of 2G,00C, a storage volume of 750 ft3 would be reguired.
Modules for 5,000 people would be so small that they could be included
in the space requirem=2nts for food storage. In this study this was
dore.

The maximuxw turnel population was not sufficient to justify a

packaged disaster hospital, and it was not considered necessary to
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itemize the space reguirements for less than one complete packaged

unit. Hospital space was estimated to bte 1,50C ft3 for s shelter
population of 2C,000.

S5.4.7 Miscellsneous Space

Space would also be required for limited food preparation areas,
office space for shelter managers, and miscellaneous supplies as tools,
spare parts, fire fighting equipment, etc. It was estimated that
2,500 ft3 of space should meet the needs of 20,00C people.

I

5.4.8 Fmergency Electrical System

Diesel emergency generators would be provided having a combined
capacity of 3300 kw. They would be located in hardened underground
structures near the central cocling plant. The existing lighting

system in the utility tumnel would be used for shelter lighting.
S.L.9 Shelter Entrances

There would be 16 spur connections f'rom the main tunnel to
building basements or underground parking garages which would
normally be used for utility connections and maintenance access. The
spur tunnels would be 8-feet in diameter and would be equipped with
L-feet wide blast doors for use as shelter access facilities. Use
of these twinels would allow people to enter the tunnel from the
building basementz and parking garages without going out onto the
streets. Also, these tunnels would allow the use of space in the
basements or parking garages for storage of emergency supplies.

It also would appear desirable to have at least two outside
entrances to the tunnel fcr people who are not inside the bulldings.
These entrances would be located near tunnel intersections and would
be equipped with 8-foct wide blast doors.

This number of entrances would be sufficient to allow about

’

7Y
20,0lC people to enter the shelter in 15 minutes. '’ For shelter
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populations much less than 15,C0C people,no outside entrances would
be rejuired, nowever, it might be desirable to provide ore or two.
It wnz assumed that the 1C existing entrances to the tunnel would

reuire blast doors for all cases.
5e4.1C Blast Prctection

The utility twinels ns designed for White Plains have an
inherent blast resistance of about &G psi with proper design of the
reinforcing steel and the addition of small amounte of reinforcing
steel. Addition of small amounts of reinforced concrete to the roof
siub coul? Fe used to increase the blast resistance to 100 psi, 1if

1)

desired. For this study the €0 psi blast value was used.

£.4.11 Cost of Shelter (onversion

Support facilities required for shel*er use were designed on
a modular bssis. Modules for ssnitary facilities and water storage
were based on 2,CCC occupants, envirs mental control units for 1,C0C
occupants, and storage areas for units of 5,0C0C people. In estimating
costs for gererators znd water chillers, it was assumed that the
cost was proportional to required capacity. It was further assumed
that the water chillers irn the centr2l plant would be hardened for
use as the supply of chilled water and that the units installed

vould be such size as to meet the desired shelter vopulation. The
only cost included for the chilled water supply was the cost
associ~ted with hardening the required units, since the utility
tunnel would ulready contain the distribution lines.

All existing entrances into parking garages and building
basements would be provided with blast doors and would be available
for shelter use. However, for snelter populations of 15,00C and
over sdditionsl outside entrarces were provided (see Section on
Shelter Entrances).

Costs were estimated for two cases: button-up times of ¢ hours,

and button-up times limited by the zccumulation of carben dioxide

A >
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from the shelter occupants. Carbon dioxide was selected bLecause cf the
highk cost of removal and the short time to attain thie maximum
allowabtle concentration. Inherent button-up times with no provision
for carbon dioxide removal vary from & hcurs for a population of
5,000 people to 2 hours for a 2C,000 persor shelter.

Both time-dependent uand time-independent ccsts were estimated
for design populstions from 5,000 to 2C,00C. The costs nssociated with
converting the White Plains utility tunnels to dual-purpose blast
shelters are given in Table V for the two assumed cases. Notewcrthy
was the Tact that about 60 percent of the ccrnversion cost was
time-independent at all shelter populations when carbon dicxide
removal was required. 1In cases where carbon dioxide removal w:s 1ot
required the deferable costs were about 50U percent cf the totsl.

The ervirormental control system and the electric system
represented the largest deferable costs because the eguipment
required for these systems cost much more than the spice required to
house it. In the case of entrances, stcrage, and sanitary facilities
the cost of suprlying space was much more than the cost of equipment.

Jt should be noted that the costs reported in Table ¥V dc not
include the deferzble costs associated with stocking the shelter. Such
items as fcod and medical supplies, chemicals for the sanitary
fuacilities, #nd hammocks and cther survival gear were rot cost
estimated.

Table VI shows turnel and shelter costs on a dcllars per perscn
basis. It can be seen that the unit cost of shelter conversion was
relatively insensitive to shelter populaticn; however, the tunnel

cost on a unit cost basis decreased with increasing population.
5.5 ALTERNATIVE TUNWEL DESIGNS

Studies have been initiated orn alternative tunnel shapes und
materials of construction. Mogt of the tunrels studied for White
Plains were rectangular in cross section becsuse it appeared that

space utilizatior was better for rectangulsr shapes than for circular
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cross sections. Circulyr sections provide greater blast resistance
for the siue wall thickress and present a possible -dvantuge in theat *
they =re uv.ilatle .3 precust or premde uniis.

Precust concrete sewer pipe has been proposed as a possible

construction material ror dusl-purpose shelters.'”’ With this type .
of pipe the:e would bte - potential preblem with whter lenKkage ut thre *
joints. Speci- sealirg rings sre aviilable to reduce this leukage. i

Arctler type of concrete pipe that could be used is steel cylinder
embedded concrete pressure pipe. This pipe is used mainly for water
sansinissd o, and 1o aesigned so0 tnst joint learage 1s regrigivtle.

Frel-iricnted corrugated met:l sections are ulso availsble irn

o number of sizes znd w=ll thicknesses. Specisl coutlngs nre
t

wvailable to elimdnate corrceion on the ocutside of the plpe.

Costs ana c¢slculnted blast recistince of representgtive

3is .
i these materials are shown in Table VII. :
Tatle VII. Cost nid blaov lecslicisnce of Variows Gypec of Circud-r Geclianc
.
+=irn. Liawmeter leioair,. Liumeter
Conatr ~thon Material sost Bisgt Resistonce Coust Blist Reclistat.:
B pei s/ 1. psi
Concrete Cewer Dipe e Ll 1L R
Joncrete Iressure Fipe O L 13 . .
Armeo tultipiste
{(LeluS-in, Wall. 54 1407 5 D
Armeo Multiplate
/\f/'-?’,"(_/-if.- Yh":ll) ') 11\1/ P :./_
The costs reported in Table VII are f'or the cost of the pipe only
and do not include insteallution or trenching costs. It can be seen *
that grentest Llest resictance is provided by the concrete pipe.  The
multiplate plpe 15 chenper but its blost resictance 15 lower. A small
.
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premium must be paid to insure truly waterproof joints by using the
concrete pressure pipe. The cost ¢f a rectangular concrete section

to produce the same cross-sectional area as the 3U-in. pipe would

be about 75 per foct (7ft. by 7 ft.}, and weculd hsve a blast resistance

of less than <0 psi.
5.6 NEW UTILITY COHCEPIS FOR NEw CITIES

Installation of utility tunnels in new cities or urban renewsl
areas would provide a potertial soluticn to a rnumber of problews relsted
to the use of city sireets by hesvy trucks, in addition to their use
for conventional utilities or new utilities. These include:

1. Installation of pumped sewers instezd of gravity flow sewers

as are currently used.

2. Use of tunnels for movement of solid wastes. These could
be moved through the tunnels by (1) compacting, packuging,
and hasuling through the tunnels by narrow gage railroads
or rubber-tired venicles; or (.} by grinding and pumping
through specizl pipelines in the tunnels either pnewnitically
or a3 arn agJecus s=lurry.

3. Use of the tunnels to transfer goods tc and from buginesses
located within the area. Intrscity goods could be unleaded
at a central fgcility and routed through the tunnels on
small rutoer-tired vehlcles or railways, and vice versa.

L. Use of the tunnels to transfer letter mail using pneumatic
methods {tube mail). Such a system could be provided
between a central post office snd branch post offices, or
perhaps to individual buildings.

Trunsportaetion of large volumes of hot water from a nuclear

W

power plani to a central user gnd return. Thic water could

be used ns & source of central heating and cooling.
5.€.1 Pumped Sewer Systems

With slight changes in technology, additional present-duy utilities
could te included in utility tunnels. ©One of the utilities excluded

e e
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frcr the ¥hite Plains study was the sanitary sewer system. All of the
sewers in the White FPlains study area are gravity flow sewers and -
must continue to slope downward for their operation. Most of the existing
severs will remain, ard design of the White Plains tunnel system to the
required depti.s and grades for the few new lines was not considered .
wurranted. .
However, if a new city is considered, it might be possible to
deaign a pumped sewer system tc replace the conventional gravity flow
system. As =z basis for unalyzing a new city system, a cost comparison
was made of pumped versus gravity flow sewers for a hypothetical area
of 1 new city using the layout of the White Plains Urb.n Kenewzl Aren
and flat surface topography as s bansis. Sewage flows were calculated
and conceptunl designs of the gravity :nd pumped systems were
prepared based on the design population of each building. The designs .
were based on the following assumptions:
1. “he entire srea is a level plune.

" The frocst line does not extend below & feet from the surface. .

%. All buildings have busement floor grades 1% feet below the

zround surf.ce.

. The discharge of the sanitury sewer cystem is at the center
of Fisher Avenue :r.d South Lexington Avenue.

5. The velocities in the gravity sewer system are not less than
% feet per second ard not greater than & feet per second.

e ALl ¥ravily sewers aré noh-pressars iransite sewer pipe with J
ring joint couplings. The prescuriced sys. m 1s Class 103
Transite pressure pipe with ring joint couplings.

7 All pumping stations are duplex puwnp installations with the
pumps in dry pits and sre commercially available units with
alternstors. rach pump is capable of handling the entire
flow of the stution, and self-cleaning strainers uare used on *
41l [wuopes.

e The maximup head reguirement for the pumps is 70 feet. The

maximum electricsl power for an individual pump is 15 hp. .

Cost estimates were mide on a gravity flow system, and pumped




sewers. Results of these estimates are shown in Table VIII.

Table VIII

Construction Costs of Sewers for the
Hypothetical New City Area

Gravity Flow $650,000
Pumped 359,000

It can be seen that a saving of about 35% in construction costs
cun be obtained using pumped sewers over new direct burial-gravity
flow systems. This saving is produced by using smaller pipe sizes
in the pumped sewer system, and less excavation required because the
purped sewers do not require a continual slope for their operation.
However, operating costs in the form of pumping energy are involved
in pumped systems and are not in the gravity systems. Based on an
estimate of the sewage flows and their varlation with time, the
electricity costs per year were calculated using a rate of $0.Cl/kwh.
About 32,400 per year would be required for the pumped system.
Maintenance costs were not estimated in detail, but it appears there
would be no significant difference between the two systems.

With a pumped system a power failure, such as the northeast
blackout, would require stand-by power generation of 100 kw at an
installed cost of %25,000. 7This power wculd be readily availabie for
a clvil defense shelter system. A possible way of avoiding the need
for stand-by electricsl generators would be tc provide an overflow
for individual building collection tanks to a gravity flow storm
sewer system, plus an alarm signaling its use. This would result
in the temporary pollution of the storm drainage system until power
was restored, or a portable generator was provided, but could
probably be tolerated in an emergency.

Based on this preliminary analysis of & pumped sewer system, it
appears to be quite feasible to consider using it in new cities.
Individual sections of the city would contain pumping systems, each
discharging to & common gravity flow system which would convey the

sewage to the treatment plant.




5.£.2 Advanced Solid Waste Handling

Approximately 4.3 pounds of solid waste are currently produced

\
in the United States per person per day-(9/ Collecticn and disposal
of this material currently costs 33.2 billion per year or about *
oY
$15.50 per person per year-(lh/ Of this figure, it is estimated that *

5% of the total cost of providing refuse service is in collection

(11)

might have on this cost is not known, but studies are being initiated

costs. what effect slurry pumping instead of manual collection
to determine the feasibility and economics of such a system.
With all the interest currently being directed at the solid
waste problem, it is interesting to estimate what volumes and weights
of solid waste will be produced in future years to the year 2302. The
U.S. Public Health Service has estimated that the production of solid *

waste per person in the United States will continue to rise. Extending

their data to the year 2097 indicates that individual producticn of !
solid wastes will rise tc about 6.8 pounds/capita/day in 2000 {see . ?
Figure 1). Using these Tigures, the annual waste production and the
accurulated waste (since 13G3) can be estimated.

Data reported for municipal solid waste disposal in the San
Francisco Bay area indicate that soclid waste compuction tc a density
of 3 lbs/tt3 is obtained in their sanitary lanatrill operations-(IE)

They further estimsate that solid waste production betweer 1962 and

2507 will require a landfill area (based on two, ten-foot lifts) of

16,500 acres or about 25.) square miles for the Bay Ares aicne. If

we assume that all solid wastes produced in the United States were

handled by sanitary landfill methods using technigues similar to those

in the San Franciscc Bay Area, the amount of land committed for solid

wast2 disposal in Z{0) would be 106>.5 square miles (see Table IX). At .
the reported cost of E‘-l/ft3 for sanitary landfill in Lcs Angeles,(lz) )

this would be a total investment of about §57% x 107,
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Table

IX

Land Area Required if all Refuse Produced in the United States is
Disposed of bty Sanitary Landfill

ACCUMULATED SQUARE MILES OF
SOLID LAND AT FINAL

YEAR WASTE pepTHS OF(Y)

(102 TONS) T0 FT 15 FT 20 FT
1965 0 0 0 0
1970 0.85 187.5 140.6 93.8
1975 1.84 406.3 304.7  203.1
1980 2.99 671.9 515.6  343.8
1985 4.3 968.8 726.6  484.4
1990 5.82 1296.9 984.4  656.2
1995 7.55 1687.5  1265.6  843.8
2000 9.49 2125.0 1593.8  1062.5

(1) BASED ON FINAL COMPACTION TO DENSITY OF

32 LBS/FT".

3
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Not only does this analysis show that large land areas would be
committed for disposal operations, but it alsc can be used to indicate
the number of vehi: es required to collect the m~terial and haul it
to the final disposal area. In New York City in 13€€ there were
2,705 private and 1,800 municipal refust trucks in operation. For
the entire United States it is estimated thet there are 1LE,000 trucks
operating. If the volume of solid waste continues to increase (about
3 times the 13¢5 production in 2000), then about 552,020 refuse
trucks will be operating on city streets in the United States in the
year 2000,

At the present time the use of individual garbage grinders in
homes is quite common. These grinders released the garbage directly
to the sanitary sewer system. Only in rare cases where the sewers are
not large enough or the sewage flow is not sufficient to handle the
additional solids added are the use of grinders excluded.(lq) In
Los Angeles, studies have been conducted to determine if garbage
collected from individual homes can be transferred to central grinding
stations and discharged to the sewers-(ls)

However, garbage is only about 10% of the total solid waste
generated-( ) {see Table X} Use of individual household units
merely makes a smsll reduction in the volume of waste which must be
collected. ©Sizes and capacities of existing sewer systems rule out
their use for transporting the entire solid waste contribution. It
might be possible, however, to provide a separate system to handle
these wastes. This system could be either gravity flow or pumped.

In this case, instead of handling the waste in the sewage treatment
plant, the waste would be handled in a separate treatment plant.

A precedent does exist for grinding and slurry pumping non-
segregated solid wastes. A large office building ir Philadelphia,
containing 1,000 people, generates about 4,000 pounds of waste

3
material each day.(l’) Once & day this material is pulped, metal and

e b o it bl e

e i et ko e

b
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Table X -

An Averzge Composition of Municipal Refuse (% by Weight)

RUBBISH (64 PER CENT) .

PAPER, ALL KINDS 4
WOOD AND BARK
GRASS

BRUSH

CUTTINGS, GREEN
LEAVES, DRY
LEATHER GOODS
RUBBER

PLASTICS

OILS, PAINT
LINOLEUM

RAGS

STREET REFUSE
DiRT, HOUSEHOLD
UNCLASSIFIED

FOOD WASTES (12 PER CENT)

O~ WOOOOOTCCULUL—=&NN
N OOO =~ 0O NOCWOLLO M

GARBAGE 10.0
FATS 2.0
NON COMBUSTIBLES (24 PER CENT)
METALS 8.0
GLASS AND CERAMICS 6.0
ASHES 10.0

3




glass alio~ed to settle out, and the slurry pumped cutside the building
for later ccllection. As s result of the pulping ozeration the final
volume of pulped waste is atouiv 227 of the coriginal bulk voluma. The
pulped waste is dewatered and handled by conventiocnal methods.

The corplexity of providing grinders and jumpg for cach iandividual
household would probably rule out their use for this appiication;
however, in high-rise apartiment complexas and coffice tuildingz the
method might prove feagible. Further work on waste cliaracteristics
frow these sources, types oF grinders regulrea, and pumiing

characteristics ¢f the slurry will bt

[

4.

[

regquir

&

One possible new disposal method for this slurried naterial would
be the wet-air cxidation process. 1In this process at high temperature
and pressure and with air bubbled through the slurry essentially 1G0O7
oxidation of the organic matter could te achievea. The resulting
effluent, arter gravity settling eof incrganics (such as metals.
glazz, etc.) could be discnarged into the sanitary sewer system or
reused 285 the slurry puxping m2dia. The settled material could then
be packaged and handled by conventioral means or oy transport through
utility tunnels. A possible flow sheet for this approach is showm
in ¥Figure 2.

Ccxmpacting and psckaging of sclid wastes at the source is alsc

a potential soluticn followed by transfer in tunnels. At the end

of the tumnel the rackoged soiid waste would be transferred directly
to the disposal unit ¢: to trucks for hauwling to the disposal site.

(18)

¢pecialized equipment for compacting and packaging is available,
but the eccuromics of the total sy

stem are not known. However, this
system would be more compatible with present-day practice than the

slurry pupping approach.
S.G. 7 Foode lMovement

( e of the major users of city streets are ve __.es irnvolved

. delivering socds; cither to stores, or I'rom stores to purchusers.
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In the future, small vehicles could operate in tunrels beneath the city
streets for this purpose. It could be visualized that goods would

te delivered to large warehouses on the perimeter of the city,

where they would be sorted and assigrned for delivery to specific

stores. Vehicles in tunnels would then deliver directly from the

warchouse to the store basements. For delivery from the stores the

reverse could be true with truck delivery used cnly for the trip from
the warehouse tc the consumer.

S.L.4 Tube Mail

Use of pneumatic tubes for mail delivery has been uszed in Eurcpe
k

for many years. The system in Paris has bLeen in cperaticn since
lcbb.( %) Similar gystems are reported in FBast and West Berlirn, and

{20
Londoen, England.\“ /' heccording to Reference ™2, letters can ‘e

delivered within 20-minutes witnin the city, arnd within > hours in the
suburben communities. An interesting feature of the Farics st

is the usc of sewers as the right-cof-way. Thus the Paris sewer:s are

used as a form of utility tunnel.
5.¢.5% Transmission of Hot wWater

Preliminary cost estimntes for underground pipelines tec

convey

large gquantities of nct water from a nuclear reactor site to a user
i O

and the return of water at reduced temperatures (705 F) from the

user to the reactor have been made. OQOptimum velocities were calculated
for & pilpe sizes by minimizing the sum ot the fixed capital charges

plus the cost of pumping {capital cost of pumping

stations wis not
. L. O,
included}. Parametrically, supply temperatures frow RV

were investigated.

Coricegptual design of the underground pipe arrangemernt lias been

patterned from a district heating system installed by Allegany Center,
7~ N
{71

Inc. of pPlttsburgh. '’ The tasic difference is that steam was

o e ot el . s A AL
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used as the heat transfer medium instead of not water.
Principal design and cost assumptions were: a

1. 20 year amortization at & percent.

rno

Pipeline operation 345 days per year.
Electricity costs 0.5¢ per KWH. -
Pump and motor efficiency 70O percent.

Pipeline is new, clean, steel (no roughness factor).
Pipeline invert 6 feet below surface.

. Cost estimates include an allowance for 35 percent indirect,

B Y B )

15 percent engineering, and 10 percent contingency.
Cost estimated for Oak Ridge area.

Nominal design pressure 300 psi.

10. Pipe sizes ranged from 4 to 36 in.

co

Results of the parametric study are shown in Table XI. The *
optimum velocity for all sizes is aboui 15 ft/sec. Pressure drops,
amount of heav conveyed, and distribution cost for selected supply
velocities of 5, 10, and 15 ft/sec for the 8 pipe sizes are given. .
The costs and press'ire drops in Table XI are for one amile of system
(one miie of supply and cre mile of return), with a 325°F supply
and a BOOOF return.

The pipe lines considered do not operate at high pressure. If
water 1s to be moved over long distances, either multiple pumping
stations or higher design pressures would be required. What effect
either of these factors would have on the cost of the system has not

been assessed.
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v. DALLAS DUAL USE TRUCK TUNNEL WITH PORTABLE COLUMNS -

C. J. Williams and R. P. Kennedy

6.1  INTRODUCTION

Last year's report on the potential dual use of a truck tunnel in
Dallas, Texas,l determined the cost of providing blast protection ranging
from 20 psi to 1CC psi. The tunnel incremental costs were estimated
using shelter occupancy ranging from 35,000 spaces to 70,000 spaces. It
was found that the incremental cost of the overhead structural system was
about 55% of the total incremental cost. The criteria used for the design
ot the structural compcnents dictated that there be no major cracking of
the structural system when they received the design loads. This was a *
conservative apprcach, for it is acceptable to have the overhead struc-
tural members crack, for civil defense purposes, as long as the shelter
occupants are not injured. i
For this report two new design criteria were used. The first allowed
cracking of the overhead structural system. The yield line method2 of
structural analysis allows members to form cracks for the design loads.
Taking advantage of this cr.teria, the overhead concrete slab thickness
could be reduced. Second, the slab thickness was further reduced by
designing for portable column placement at the center of the concrete
slab. Smaller concrete beams and columns can be used to obtain the same
ultimate strength when portable columns are available. By use of both
criteria a reduction of incremental cost‘* was achieved.

This portable column concept was meationed in a report3

where it was
stated that a fourfold increase of basement ceiling strength is achieved
by adding new columns halfway between existing basement columns. Qu

resulte show that strengths are increased by a factor of two using yield

line analysis.

*Holmes and Narver, Inc., Los Angeles, California. .
*‘Incremental cost is the additional cost of a structure with both a

regular and an emergency use compared with regular use only. It is a
function of, among others, the level of protection afforded in an emer-
gency ard in this report, the blast overpressure for which occupants are
not injured.
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6.2 CALCULATIONS

The sapproach used to design the two way slab, with a portable column

at its center, was to evaluate the slab's resistance by an energy conger-

. vation method using yleld line analysis. Figure 1 shows the yield pattern }
* used. The effective depth of the glab is found to be )
Mps : :
2 -

a - T

1
L 0.0108 %7639

n

Bottom steel of the short span
FT-KIPS

where gsubsgcript BS

| M = Moment (——FTT——)
: $ = Percent of steel
Lot fd7 = Tensile steel dynamic yield stress (KSI)
: The value of MBS is calculated from
M - AN /E_i_gg‘;\//g' 2 !
BS =~ C C C .
wae %
where A = iz

(L+ 1) +ua(1+ 1)

‘
[+
1]

c = (1+4,) +ua(1 + )
with
. i = EE i = ’TS !
: L s
! a1 Vs
= y - d1es PR .+
L L 4y
u = iB-I-' a = E-
brs b
1
. and w {8 the uniform load per unit area on the slab. The ratio &< {ig

the ratio of the ghort span to the long span. Calculations were made
to determine the location of the rectangular crack pattern outside of
- the center portable column. Evaluation of problems associated with

shear were determined at all critical points.h Figure 1 ahows vertical
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steel bars, called stirrups, in the concrete slab. These are necessary -
to combat shear problem in design, but this technical feature is normally
not seen in commercial slabs.

Detailed calculations of all the other structural members were not
carried out. However, the coste of the beams and columns in this system :
are crudely evaluated by referring to the cost estimate of the previous
study and allowing portable column placement to reduce beam span lengths.
This offers smaller loads *o the permanent concrete columns when they
are designed for dual purpose. The Dallas truck tunnel rests on rock
so no special fcotings need to be placed to rececive the loads from the
portable columns. Placement of a few additional reinforcing bars in the
concrete floor of the tunnel should be all that is needed.

6.3 RESULTS

In the overhead structural system of the Dallas truck tunnel, the
most expensive dual use structural item is the two-way slab with dimen-
sions of 49 feet by 36 feet. Figure 2 shows slab thickness from the
center of the reinforcing steel to the surface ot the concrete for four
different slab designs. One design was accomplished by applying a
safety factor of 1.2 to a yield line evaluation of the two-way slab.
This yleld line curve is shown just below the standard design curve.

It allows some reduction of thickness for the slab is allowed to crack
in yield line analysis. By placing a portable column at the center of
the glab and allowing slab cracking, the thickness is reduced about 50%
compared to the standard design. The steel percentage was increaged for
the portabdble column concept. A yleld line design of the slab with this

higher amount of ateel and no portable column is shown above the portable

column curve. An example of thickness variation at 50 psi design load
for the four degign methods is as follows:

Method ngncheaZ

Standard (C.5% Steel) . . . . . . . . . . . ... 36
Yield 1line (0.5% Steel) . . . . . . . . . . . .. 33
Yield 1line (0.5% and 1.0% Steel) . . . . . . . . 27

Portable COlumMn . . « . + 4 e e e e e e e e 18




55

50

45

40

35

30

g {in)

25

20

15

{0

12y

ORNL OWG 68- 2204

Fig. 6.2,

T T T 1 T
H H !
! : l |
. [ ! i [
. ; ; S i ; /
: ! e
| i | | i |
i | i ; i
! : 1 |
U .‘_. e - P} 4 . 71 4/. 1 -+
|  STANDARD TWO WAY DESIGN 7 i
i i ¢ =05% TOP AND BOTTOM ‘ : :
o __ ]~ BOTH DIRECTIONS | _
1; —
TWO WAY CONTINUOUS SLAB
! 49ft x 361t i
e __.' - ._T - __4} - 74: E——
| | ‘ ! ‘l
PORTABLE COLUMN AT CENTER |
: GF SLAB YIELD LINE METHOD
| $=05% TOP AND BOTTOM LONG
4 - -+ - DIRECTION AND AT ¢ S
| ¢ =10% TOP AND BOTTOM SHORT
; ! : SIDE AT SUPPORTS
- _._,1: SRR — 4I - —’ - - 1 -~ 7,| ‘| I
I | ]
1 J i 1 i
0 10 20 30 40 50 60 70 80 90

OVERPRESSURE (psi)

Concrete Slab Thickness.




Quite a range of resistance to overpregsure load for & particular

slat thickness {s shown in the following listing for d = 29 inches:

Method Resistance (psi)
Standard (0.5% Steel) . . . . . . . . . . . 20
Yield line (0.5% Steel) . . . . . . . . . . 29
Yield line (C.5¢ and 1.0% Steel). ko

Portable column .

0
7o

Figure 3 shows the total incremental cost for this dual use system.
A significant saving can be realized when portable columns are incor-
porated in the design and when cracking is allowed. It was estimated
that the overhead structural gystem costs would be reduced by about
50%. For this study, it was estimated that a 50% cost saving could
also be realized by changing the design of the module structure. Blast
valveg, ventilation and refrigeration, biast doors, and the electrical
expenses listed last year were not changed in Figure 3 for these values
are independent of the method used in the structural system.

Figure 4 is the cost per shelter gpace for variocus levels of over-
pressure protection. These calculations are based on 35,000 and 7¢,000

shelter spaces.

6.4 CONCLUSION

There is a definite cost advantage in the use of portable
columns for the Dallas truck tunnel and other wide span concreie structures.
An advantage of this method is that the overhead structural system can be
designed so the portable columns can be placed at a later time. Potential
blagt protection is built into the tunnel and for commercial purposes the
long spans necegsary for truacks to maneuver are still retained. The
portable columns could be fabricated in advance of an emergency but placed
when necessary. More conveniently the portable columns could be fabri-
cated and stored in the tunnel or mounted on the ceiling and lowered into
position. The mechanical complexities of this final concept have not

been considered.




130

ORNL-DWG 68-2203
3% = — T

30 ¢ N -— TOTAL COST USING COMMERCIAL

Q| SPAN REQUIREMENTS AND KO
N N  PORTABLE COLUMN'S

i I \\\\\:\\\ N
2 ; y \\\

. e
B i
AN \ NN

| \\ * -_\

$——TOTAL COST USING
3 PCRTABLE COLUMN'S

ESTIMATE D INCREMENTAL COST (milions of dollars)

43
|
5 = gt { T =
'MODULE STRUCTURES { ELECTRICAL
R R TSSO = -BLAST VALVES
0 27l A i D k- -VENTILATION AND REFRIGERATION

0 20 a0 60 80 100
BLAST PRESSURE (psi)

Fig. €.3. Total Incremental Cost.




131 3
-
ORNL-OWG 68-2202
1000 ! - - - -—
. ! ! :
1 ' i { B
900 -+
800 / ;
|
[T~~NO PCRTABLE
I COLUMNS
700 ;
i i
« 'g 600 4
i g ’ b :
500 i
. , [~
: { -
¥
& J | “WITH PORTABLE
, e coLumns |
. 8 400 0// I
!
300 ¢
200 s 35,000 SPACES :
1 10 1% PER PERSON
: 150 11> PER PERSON
100
|
* 0
. 10 20 30 40 50 60 70 80 90 100
OVERPRESSURE (psi)
. Fig. 6.4. Shelter Space Cost.

i
ISR O e ORI

wll.i,

Lo

grven

T

kel




e

132

The Dallas truck tunnel concept is a specific case which lends
itself to the use of portable columns for dual purpose blast shelter,
btut the technique should be applicable in new construction of apartments,
department stores, schools, etc. Much shorter spans in commercial building
can be expected than in a truck tunnel. In the below grade portion of a
building with a reinforced concrete floor system some additional rein-
forcing bara could be placed, at very modest cost, in strateglc locations
50 the system at a later time could most efficiently accept portable
columns. These columns may be as lightweight as pipe columns which
could be easgily handled by one or two men. By this scheme, new buildings
could be upgraded to allow higher blast protection.

The portable column approach could also be helpful in strengthening
below grade floor systems in existing buildings so some higher degree of
tlast protection could be achieved. Calculation of the additional resist-
ance obtained for an existing floor system is possible, but the accuracy
of the calculation is difficult to assess. A test of this idea would be
helpful.

It is possible to do an experiment of this kind at the White Plains
Urban Renewal Area. This area is about 6 city blocks square and has
many different types of buildings which are schedulel for demolition
within the next several years. There will be extensive experimentation
of these structures before they are torn down. One of the existing
buildings which has a reinforced concrete floor system could be tested
to appraise the load necessary to cause collapse, or near collapse. A
test of this type could compare the strength of the floors with and
without portable column support and evaluate the accuracy of existing
methods of prediction.

The portable column approach appears to be a practical method
to achieve higher blast resistance in structures at a small increment of
the building cost. If a blast shelter system is ever deployed in the
United States, this scheme should be incorporated into the overall solu-

tion to the biast protection problem.
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7. MECHANICAL EQUIPMENT SHOCK TOLERANCE

C. J. Williems

7.1 INTRODUCTION

In last year's annual report a theoretical method was used to

evaluate the response of a 106 kw diesel engine generator to & 100 psi

overpressure wave. Such equipment might be installed in blast shelters

for ventilation or other life support systems. At that time it was

predicted that the equipment would still fuaction in this shock environ-

ment except in sandy soll, based on an assumed shock tolerance of the
equipment of 1O g. A shock response spectrum was used to make this

evaluation with the critical mode of movement being in the vertical

direction and a value of 19 cycles per second used as equipment vertical

natural frequency. Results obtained this year show that more realistic

evaluation would have been obtained if values of natwal frequency

ranging from 15 cycles per second to 10U cycles per second had been
used.

On Oztober 18, 1%57, the 100 kw unit was shock tested at the

Nevada Test Site (NTS). The upward shock from an underground nuclear

explosion was used to model the downward shock from the overpressure

pulse of an aboveground nuclear explosion. With the thecoretical eguip-

ment vulnerability level at 10 g, for the first of a series of experiments,
the engine generator was placed at a distance from the underground nuclear

explosion which would give an estimated maximun ground shocx of from 3 g
)

to % g. The expected equipment response was to be in the lower values
needed to bracket the equipment response which would cause the equipment
to stop running.

For this test, the actual ground motion had a maximum upward acceler-

ation of 3 g a8 was predicted. However, a second pulse, which wag not

predicted, occurred with a maximum load of 50 g. The 3 g upward ground

same at the downward acceleration from a 15 psi

overpresgure wave caused by an aboveground nuclear explosion. No

motion would be the
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apparent damage occurred to the equipment from the initial shock. When
the 50 g motion hit the generation the unit was damaged and stopped
running.

The fajlure was caused by a cracked support bracket. This shear
failure would be expected to be independent of the vertical direction
{up or down) in which the load is applied. The 50 g upward ground
motion is estimated to correlate to overpressures in the range of 100
psi to 150 psi from an aboveground burst. If this motor generator were
used in a civil defense blast shelter exposed to a 100 to 150 psi blast
wave, the equipment would have to be spring mounted or its components

ruggidized.
7.2 TEST AND RESULTS

The shock test of the engine generator was on Oztober 18, 1967,

‘ at the Nevada Test Site on Yucca Flat. Figure 1 is the general layout
of the area for the experiment. Figure 2 is the plan of the concrete
pad to which the motor generator set was attached during the test. The
details of the pad reinforcing and the pad thickness are shown in Figure

3. Figures 4 and 5 are preshot photographs of the generator. The large
tank shown on the right of the motor gernerator in Figure 5 is the reserve
fuel tank which was necessary in order to keep it running for the pre-
scribed amount of time. Gauges recorded the acceleration versus time
history of the unit during the shock test. Sandia Corporation also
furnished a monitor of the voltage output of the unit during the test
so it could be determined whether the unit was running before, during,
and after the ground moticn shock. ’
The ground motion measurementg were made fifty feet east of the
motor gerierator (see Figure 1). Gauges for these measurements were
buried at & depth of four feet. The combination of the data from the
ground motion station and the data which shows the equipment response
were necessary to determine equipment vulnerability.
* The site plan (Figure 1) shows three steel pins driven into the

ground near the equipment's concrete pad. They were used to determine
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the relative movement between the concrete pad and the surrounding soil. !
Measurements after the test showed no permanent gross relative movement
of the pad.

Figure 1 shows the lornation of acceleration gauges which were

buried four feet below ground surface and located fifty feet east of
the engine generator. It was assumed that data from these acceleration
gauges repregented the ground movement at the site of the test equipment. f
The acceleration versus time traces for these gauges are shown in Figure
€. They are identified as follows:

sS4 Sandia station, gauges buried four feet deep

AV Vertical acceleration, positive signal is i1 up-
ward direction

AR Horizontal radial acceleration, positive signal is
radially outward from surface zero

AT Horizontal tangential acceleration, positive signal
is 900 clockwise from the horizontal radial acceler-
ation when viewed above.

There were two shccks from the underground detonation. The first could
be approximately predicted but the second shock was of a more severe
nature than was expected. This second shock was caused by a phenomenon
called "slapdown" and it is described in this manner. As the shock wave
approaches the surface of the earth, a layer of the earth's upper wmantel
is parted from the lower layer of material, a slabbing effect near the
ground surface. This earth free falls back to the underlying sslid sur-
face and hits it with an impact. This is the "slapdown” effect, or as
it 18 called in this report, the second pulse. Data of Figure # shows

a maximum ground acceleration of 50 g, occurring during the second pulse
and a legser maximum ground accsleration of 3 g, which was during the
first pulse.

There were acceleration gauges mounted on top of the generator end
of the diesel generator set. Traces of these acceleration versus time
gauges are shown in Figure 7. They are identified as G4 gauges with ;
AV, AR, and AT connotations being the same as for the Sk gauges. The ;

high noise levels on the generator mounted gauges ars due to the machine's

[
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vibration. With the generator turned off the noise levels were very
acceptable. The vertical maximum acceleration of the generator for
the first pulse is about 3 g. It is not possible to determine from
the graphs what the acceleration of the generator was during the second
shock pulse. As can be seen there is much interference at the time

of the second shock which occurred 0.6 seconds after the first shock.

The voltage output of the generator was monitored during the test.
Figure 8 is a trace of this output from zero time until the second pulse
hit the equipment. The equipment was functioning properly during the
first shock pulse but the vcltage began to drop off when the second
pulse, labeled "slapdown," struck. Voltage output was recorded for
about 25 seconds after slapdown, at which time the readings became
zero.

Damage to the test equipment is shown in Figures 9 through 11.
Primary damage was caused by cracking of the support to which the
generator was attached. This piece and its cracks are shown in Figure
9 and Figure 10. The failure of the support allowed the engine to
rotate vertically away from ground zero, causing more damage. Figure
11 shows this rotation of the equipment. (0Oil spilled on the concrete
pad before the shock test was made.) As can be seen in Figure 12 the
connection leading to the engine from the radiator was torn loose.
Rotaticn at this point was about 4 inches. The coupling between the
generator and the diesel engine was also damaged as can be seen in
Figure 13. Tamage was also experienced by the fan blade as it hit the
fan btlade guard housing which surrounds it.

A slow motion picture of this experiment was taken from a distance
of €000 feet north of zero point. Figure 1 shows the location of the
camera relative to the engine generator. The movie showed the ground
wave passing the diesel generator. However, the camera was so far
from the test equipment and the light was so inadequate, it was not
possible to determine quantitatively how far the generator was

displaced or when the "slapdown'" occurred.
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Fig. 7.3 Generator Support Crack on Side Away From Surface Zero
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Fig. 7.11 Engine Generator (Postshot) Showing
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Fig. 7.13 Engine To Generator Coupling Damage
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7.3 INTERPRETATION

The acceleration versus time charts developed from gauges buried
four feet below ground at the site of the engine generator are shown in
Figure €. 1In order to get & clearer picture of the ground acceleration
in the vertical direction, the readings as shown on gauges SLAVLO and

S4AVHI have been used to reconstruct the approximate acceleration motion

of the goll in Figure 1L. From this acceleration data the free field

velocity and displacement have been constructed.

S gy
i

Values of a , Vv ,
max’ ~max

Figure 14. Calculated values of A, V, and D are used in construction

and dm&x are taken from the data shown in

b

of the response spectra for the first pulse and the second pulse. Fig-
ure 15 shows these two spectra.

With the damage cccurring to the motor generator being caused by :
the vertical component of the shock, the value of the natural frequency
of the engine generator as established in last year's report, can be
taken as 19 CPS. However, this resonant condition is attributed to
the vibrations in the rubber mounts which are located at the generator
end of the unit. When damage occurred to the equipment it can be
assumed that these rubber mounts completely compressed and another

natural frequency in the vertical direction became primary. There is

no record of what this frequency might be, but knowing the transverse
frequency is 30 CPS, and visualizing physically the geometry of the
diegel generator, it can be assumed that this second vertical freguency
is greater than 30 CPS and possibly as high as 100 CPS.
The first pulse regponse gpectrum shows that the 13 CPS to 100 CPS é
natural frequency range gives a reading bounded by an acceleration of
5 g's. The second pulse response spectrum is primarily bounded by an
acceleration of 100 g's in the natural frequency range of the diesel
generator. For both the first and the second pulse it is assumed that
acceleration controls the response of the equipment to the ground motion.
It is possible to correlate the ground motion equipment response
* from this underground nuclear explosion to an equivalent ground motion

equipment response caused by the overpressure wave of an aboveground
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nuclear explosion. The spectrum response to these two underground pulses
dictate that the equipment is acceleration sensitive. For this report
the prediction of the response of the generator due to an aboveground
burst is based on placing the diesel engine generator inside a civil
defense shelter buried 15 feet deep. Figure 16 is a plot of maximum
free-field soil particle acceleration for some soil variations and for
overpressures up to 200 psi from an aboveground nuclear explosion. The
azceleration of 3 g's and 50 g's on Figure 16 correlate to the response
spectrum acceleration 6 g for the first underground pulse and a response
spectrum acceleration of 100 g for the second underground pulse. A
horizontal line drawn on Figure 1¢ at 3 g and 50 g gives & method of
determining the overpressures, for various soil conditions, which give
the same shock environment as the diesel engine generator was exposed

to at NTS. We conclude that this 105 kw unit would rnot be damaged at
the 15 psi range from an aboveground nuclear explosion, but would be
damaged and stop running at overpressures in the range of 130 psi to

155 psi.

7.4 CONCLUSIONS

Shock tests conducted at the Nevada Test Site can determine the
vulnerability of large pleces of equipment. For this shock test,
calculations show the first pulse to which the engine generator was
exposed was about the same shock environment as is produced ty a 15
psi overpressure wave from an aboveground nuclear burst. The assuup-
tion ia that the mechanical equipment is in & pipe with a diameter of
3 {eet buried with about 11 fecet of cover. For this condition no
apparent damage would occur to the generating unit. The time dependent
record of the voltage output of the generator experienced no fluctua-
tion during the first shock. Calculations for the second pulse show
that the underground explosion created a shock environment similar to
o/serpressures ranging from 10C psi to 150 psi. Damage was extensive to
the equipment when it was exposed to this shock environment. The genera-
tor veltage output record shows this shotk caused the generator to stop

running.

I
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This type of information will be helpful in the design of hardened
civil defense shelters. For example, this 106 kw engine generator will
not have to be shock isclated or ruggidized in a 15 psi shelter system.
However, if 1t were placed in a shelter desiygned to withstand overpressures
from 100 psi to 150 psi, then the equipment wiil have to be shock isolated
or the equipment components will have to be strengthened so they can
H resist the shock caused by ground motion.

The slapdown effect which occurred at the NTS during this experi-
ment magnified the maximurm ground motion acceleration from 3 g's to
5C g's. With the main shocx wave coming from the underground nuclear
explosion this phenomenon is possible in the soil at NT3. In civil
defense blast shelters the main shock force will very probably come
from above the shelter. For this reason the slapdown effect should

not cccur in blast shelters.
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5. RADIANT STFRILIZATION OF BIOLOGICAL AEROSOLS

C. V. Chester
5.1 INTRODUCTION

One possible approach to the protection of people from pathogenic
vioclogical aerosols is to kill the organisms in the air by some form
of radiant energy in or near the visible part of the spectrum. Since
the particles of & biclogical aerosol absorb this energy much more
effectively than air, it should be possible to select an energy source
that, under the proper conditions, is capable of killing the organisms
with minimal heating or other effects on the air.

In order to be useful, any scheme propused must be capable of
killing the most refractory organisms known, the spores of certain
pathogenic bacteria and fungi. This requirement demands exposures well
beyond the usual practice in the design of such commercial equipment
as ultraviolet sterilizers. Preliminary calculations are presented

for each radiation source to show the problems involved.
8.2 ENERGY REQUIREMENTS
3.2.1 Ultraviolet

By extrapolating the data of Buttolph (2), the 2100 A to 3000 A
germicidal W irradiation required to kill spores is about 2200 ,-watt-
min/cmg, or about 0.05 cal/cme. Unfortunately for our purposes, this
radiation is absorbed very strongly by ozone in the upper atmosphere.
Were it not for this absorption, large-yield thermonuclear weapons

exploded at an appropriate high altitude would be a very convenient

method of sterilizing large areas with virtually no damage to the ground.

In clear weather, one would have a very effective defenge against patho-

genic biological aerosols.

B s it
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As will be shown in Secticn 3.1.2, even applied to ventilating
ducts, this exposure has an unacceptably large concomitant air tempera-
ture rise from present mercury vapor tubes. Irritating concentrations

of ozone would also be produced.
3.2.2 Thermal and Visible Radiation

Thermal and visible radiation kill by heating the spore enough to
bring about some denaturing chemical reaction such as protein co-agula-
tion, dehydration, or pyrolysis of some essential molecules in the spore.
The temperature required depends on the time of exposure.

Decker (1) reports effective sterilization (less than 10-6 survival)
of B. globigii spores by exposure to 213°%C for 2u sec., 246°%C for 10
sec., and jOZoC for ¥ sec. in an air sterilizer.

As will be shown subsequently, effective heating and cooling times
of less than l&-s seconds can be achieved with a G-switched laser.
Extrapolation of Decker's data on an Arrhenius plot (log time vs.
reciprocal absolute temperature, Figure 1) is not helpful, since the
reciprocal temp2rature goes past zero at about 3 X ].O'5 seconds, a
physical absurdity. Obviously the simple first-order reaction implied
by this plot will no longer be applicable to such extremes of temperature.

One can only conclude that for such short times, energy corres-
pernding to a temperature rise of scveral hundred degrees centigrade will
be required. One might expect the temperature to be less than red heat,
6OG°C, and more than 00°C. Mainly for the purpose of selecting experi-
mental eguipment, we will assume that SCOOC is an interesting neighborhood
to investigate.

The energy fluence required to heit absorbing 1 micron particles in
a vacuum SOQOC is 0.05 cal/cm?, assuming the particles have the specific
heat of water. Unfortunately, the particles may not be perfectly absorb-

ing, and we are interested in particles in air at about standard density.

Encrgy Absorption by Aerosol Particles

The process of light scattering and absorption by small particles

is complicated and beyond the scope of this discussion. Van de Hulst
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has written an authoritative text on the subject {3). Plass (&) has
calculated the absorption efficiency, which is the same as absorbtivity,
for Mie absorption for small particles with a variety of values of the
complex index of refraction, nl-ing. His results are reproduced in
Figure » for particles with ny = 1.35, that of water.

For l-micron particles and 7000 A, 2%ia/:n has a value about 4. The
value of n for water is very small. It will be much larger for a spore,
but so farmno estimates have been found. For small values of 0y < 10'2,
the absorption efficiency is proportional to n,. It is quite possible
that an effective value of nz can be found in the neighborhood 10-2.

Calculations of Mie scattering, and especially the notion of a
complex refractive index, apply rigorously to homogeneous particles.
Spores are not optically homogeneous, having much internal structure.
They also contain no free water, and hence the real component of the
index of refraction wiil be different, probably larger, than 1.33.
However, the general form of the dependence of absorption efficiency
on wavelength will not be much affected by these discrepancies. From

Figure 2 we would expect an absorption efficiency of about 0.1 for l-u

—~

spore in 700U %4 radiation. If the 10.6 4 infrared from a C02 laser
were used, the efficiency would be down one or two orders of magnitude,

and in a region very sensitive to particle size.

Heat Transfer between Aerosol Particles and Air

The principal difficulty in trying to heat aserosol particles in
air lies in the excellent thermal contact between the particles and a
much, larger mass of air. The surface to volume ratio of particles is
very large, and the transfer is aided by the divergent geometry of the
heat path in air. .

A fair approximation to the description of radiant heating of the
particles can be made by assuming them to be perfectly conducting spheres

of mass M specific heat Cl and radius a in contact with a medium of

l)
density p, heat capacity C and conductivity K. The radiant energy input

is assumed to be a heat source q cal/sec in the sphere.
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The solution to this problem is given in Carslaw and Jzeger (5},

and for the temperature V, of the sphere is '

s @ =KW t/a? d
v.oo. & {l 2k e R

1 Tnak T W (k)R- i .
LanCad
where Kk = Zipta
M C
K
v, = —
p C
a?
The series approximation for long times t > = 1is

V., - 2o o2 .
1 4TiKa \ Tk

If the radiant flux density & is %’7 ,

The term outside the bracket is the steady-state solution for this
geometry. '

. . 8 : - 7O
Tre relevant physical constants for water and air at 1O0°C are

7y

S On o. ) a2,
K,cal/cm” ,sec™C/cm p,g:n,’cmJ C cal/gm, © K,cm ;sec
Water 1.50 x L~ 1.0 1.0 1.5¢ x 1077
o
N - -2 ~=3 — i 51
Air Toeox 1w 1.3 x 12~ s 2h

9
For l-micron particles after 137 ' sec., V, = % where ¢ is in cal/cmc,

sec. and Vl is in degrees centigrade.
3.3 STERILIZATIOY IN DUCTS

=.3.1 Approximation of Illumination Intensity in a
Reflective-Wall Duct; N Sources
In connection with the sterilization of air in a ventilating duct, .
it is necessary to estimate the variation of intensity of the sterilizing

rajgiation when the walls are made highly reflective.
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Single Line Source

.

Consider a volume enclosed tetween two planes of sbsorttivity ¢,

o

reflectivity l-¢, and ceparation w. This space 1s to be illuminated

P
3

by a line source of intensity IO measwed a4t unit distance. A slice of

. the duct parallel to the line source at a distance x and thickness Ax

-t o

will be illuminated by the sum of rays from the source which have under-

gone n reflections from the wall where n - v, 1, &, 3, =---. Each of

JER——

these reflected rays may bte "unfolded" at the reflecting planes to give

a diagram gimilar to Figure

a2

A given ray urdergoing n reflecticns and traveling a distance r
i . . . I.-lec)®
to reach the duct eleément Ax arrives with an intensity — From
- the geometry of Figure 5, :

n o= ; _ xTané 1)
w

The total illuminatiorn of the element ax is the sum of all the
rays reachking it which is

n

D
S~

~ N .
. I = = ) An [
[
ne s
For large values of n and X, we can approximate the sum by the
integral
b /:) xTant:

/ ~
~ A . w r Cog £ d~a .
1.7 2 Y I (1l-¢) N . (3)

7

C
if we let an = %% = EEB%QEQ . (%)

The reflectivity term can be expanded by the tinomial series to

-

give

[
[P
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Neglecting second and higher terms

.

- 5 /o :)I . -

i o ri!/—:' OLX -/C
~ =2 | (059 d9 w— —>— | Sing d .
Ly~ | 8d9 7~ | Sineds ;
o !
1
o , X PN
1. — 1 - (7)
X W v

An Array of Line Sources .

If the single line source is replaced with a vertical array of m

line sources as in Figure 4, a slight modification of the expression is

required. The problem can be reduced to that of part 1 by considering
each line source to be separated initially from the adjacent by & per-
fectly reflective wall. Since the light from each source does in fact
reflect from the real walls at some time their finite absorbtivity can
be distributed over the imaginary walls. Then the expreseion for s

single source can te¢ uced, replacing ¢ with ﬁ ard w with w/m

. X\ -
I = {1 - %—; L)

Reflective End Walls

If the extent of the duct iz limited by reflective walls parallel

ct
+

o the light source, they increase the flux in the duct. If the flux

n the open case falls linearly with distance from the source as given

b
c*

matlsid e

by Equations 7 and 3, and shown in Figure 5, the light flux reflected
from the end will continue to fall in the same way as it goes back

toward the source. The sum will be a constant, equal to twice the

incident intensity at the wall less the amount absorbed by the wall.
For a duct of distance h from the source array to a parallel wall,
eh

{ 1 - =) ]
h,m w w ' b

=
1
rn
]
[ 4]
N

——
~

These calculations are directed touward a low-pressure mercury arc
as a gource of ultraviolet radiation. This sowrce is also an almost

perfect absorber of Uv from an external source. Therefore, only two

oo e ssalailh
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passes of the radiation through the duct are considered. Everything

that gets back to the source is reabsorbed.

5.3.2 Design of & U Sterilizer for a
Ventilation Duct. Economic Considerations

Figure Ga is a sketch of an array of UV tubes and reflectors in
an air duct. The intertube reflectors .Figure &b) prevent absorption
by adjacent tubes before radiation has made its transit of the duct.

The arrangement chosen is optimized for minimum heating of the air
given a 24" high duct with a wall emissivity of ¢.32. The optimum width
is 75 inches.

To obtain the Z200C u-watt-min/cmE estimated to give over $9% kill
of anthrax spores, the velocity in the duct must be kept to 7.65 ft/min
with a single bank of G36T% tubes. If ususl ventilation practice were
followed, a duct thiszs size would be carrying about .02 ofm, and would
require 30U banks of tubes serially down the center of 3T feet of duct.
In either case if the air were required to carry off the heat of the
tubes, it would be heated 13.5°F or about 10.:°C.

Such heating would be completely unacceptable in the summer without
mechanical refrigeration.

It is possible that some arrangement of UV-transparent windows
might » rmit the uce cf a separate stream of air to cool the tubes.

The walls could also be separately cooled. However, this would be
complicated and add to the already considerable expense of the installa-
tion.

This structure could be made a little more resistant to blast damage,
perhaps to 5 psi, than absolute filters by enclosing the tubes in trans-
parent pipes. However, exceeding the strength of the tubes would result
in & spray of mercury vapor and glass being btlown into the structure!

Absolute filters protected by flash-actuated blast values are a

much cheaper solution to the same problem.
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pel

.4 Economics of a Laser Source as a Sterilizer

8
A,
.

A pulsed laser in its normal mode may Le considered to have a
pulse width of 1 millisecond. If an energy fiux density of 1500C
cal/sec, cn’ is required over an area of 1 cmz, a O0-joule pulse will
be alout the right size.

h Q-switched laser can have a pulse width under 2. nancseconds.
For the same flux density, a pulse of 1.2 millijoules will be required.
The ©--joule laser above operating g-switched will have an output pulse
of about 1 joule, and will be able to deliver the required power over
an area of about 103¢ cmP or 1l rtgr

All this assumes that the spores can be killed by heating to an
average temperature of SQLOC, even if only for l;-? seconds. This is
real terra incognita on the time-temperature curve of Figure 1. The
volumetric energy densities and deposition rates are comparatle to
those of detonatirg TNT. The xill mechanism may be some sgpalling or
fracture phenomenor, rather than protein coagulation or denaturation.
The experimental investigation of this aspect promises to be highly
educational.

At this embryonic stage of the study, an economic comparison of
laser sterilization with absolute filtration appears to favor filtration.
Given a sterilizing beam of 1 ft2 eross-sectional area, a ventilation
system could be designed using reflective ducts that might sterilize
as much as 50,0C5 ftj/min. The installed cost of absolute filters to
do the same job is estimated at $12,50C ($25C/1037 cfm). The purchase
price of the laser alone ig $1¢,000. The additional ducting and cptics
would probably run the cost up to about £57,735. A filtration system
would te required to keep the reflective surfaces free of dust.

However, the sterilizing system could te made very blast resistant.
The laser can be installed tehind a high-pressure window. The limiting
structure is provably the reflective surfaces. If deformed, they will

rot permit the beam to evenly sweep the duct volume.




170

The experimental investigation of flash sterilization of tiological
aerocols is worthwhile to learn more atout the properties of biological
aerosols. With the ernergy flux densities available from relatively in-
expensive (<$l:fJ } pulsed lasers, regicns of the time-temperature steri-
lization curve can be explored that were physically impossible a few
years ago. The sensitivity of the more fragile organisms is completely
unknown. With the paucity of existing data, some surprises might be
expected.

2.4  LARGE AREA STERILIZATION WITH NUCLEAR WEAPONS

To heat 1 micron particles and minimize heating the rest of the
environment, the radiant flux density rather than fluence must te maxi-
mized. At some acceptable value of the thermal fluence {cal/cmg), hkigh
values of radiant flux density can be achieved by either (1) bursting a
small-yield weapon close bty or (2) bursting a large-yield weapon at
altitudes above 1% miles. Jones et. al, {L) give the following relations
in an unclassified report:

Below 10 mi., the maximum power or flux is

P = = wegatons/sec
’ max

axn

where f ie the fraction of yield emitted ag thermal radiaticn, taken as
1/3, w is the yield and tmax the time of the second maximum. The con-
stant 2.47 is obtained by integrating the thermal pulse curve in Glasstorne
(7). This constant approaches unity for bursts above about 2l miles.

The equation for tmax given by Jones et.al. is

0.LZ =0.0%h
e

sS€C

for w in megatcens and h in miles. The flux can be converted to the
radiant flux density {cal/sec, cm ) by dividing by the arees and sub-

stituting for t :
max

k. a
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& = 1o 1 () - cal/cm , sec
<

The fluence, or total radiant energy delivered to a wiit area at

distance x is

£ &
megatons,/sm

. . : [t . N
If ¢t is, for example, 1 cal;ycm , a relation tor the thermal flux
dencity as a function of burst altitude for a constant tluence of 1C

cal/em on the ground is obtained:

.';):AX ~
~ € ; =
;lW cal - 1.0 ——=——  cal/om’ sec

For values c¢f x over >0 km, the value of th. constant should increace

to 12¢.2 with some sort of smooth transition tetween 12 km and -. km.

Thig will account for the constant of Z.77 that drcps out of the power
term as the pulse shape changes from the low-altituds form with & minimun

to the high altitude form without. As can be seer. in Figure 7, the curve

n

of 4t is concave upward.
At low values of x, where the desired power levels are obtained
close to small bursts, the prompt nuclear radiation is very large. At

larger values (>1C27R) the intensity of the prompt gamma radiation can

be approximated by

G ow  -1l.77x
I = 1.2 x 177 —=ce¢ rem

where as before w is in megatons and x in Kiloreters. The expregsion
is obtained by repletting some of the data in Glasstone (7).

4t the 1. cal/cm; thermal fluence level, a peak thermal flux
dernsity of 1:2C cal/cmé, sec can be obtained 35 meters from a L-ton
yield. The gamma level is over -0 rem at this point. If the thermal

radiation level is held at 17 cal/cmd, and the burst altitude and yield
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are increased, the gamma doge doesn't full below 1 rem until one gets

to 4 lo Kt yield at 1.u5 km. Ten rem is reacked at 2.7 km from a 2% k¢
burst. In this region, the thermal flux density is below i cal/cmﬁ,
sec. In additior to the nuclear radiation, the low-yield, close-in
region has the problem of very small areas with desirable ranges of
thermal fluence and thermal flux density. The level changes rapidly
with distance.

At the high end of the curve, the nuclear radiation disappears,

the blast pressure disappears, and the distances are sufficiently large

that, in theory, useful areas on the ground can be subjected to effective

levels of thermal flux density at acceptable levels of thermal fluence.
For example, 1GO0 cal/cmz, sec can be obtmined at 1o cal/cm2 total

about 112 kn from 43 megatons. And this level will have fallen only

1G per cent 2% km from ground zero. If anthrax spores with an absorb-

tivity of 7.1 are to be heated to L::OC, 1570308 cal/cmf, sec are required.
If i cal/cm: fluence is to be maintained, extrapolation of the curves
indicates 177 megatons at 125 km. It is highly wlikely that this
extrapclatiorn is valid.

The difficulty with the high and of the curve is that the data
are only good to about 30 km, and very uncertain above.

If one is forced tc an 30 km ceiling, to get 1GI0 cal/cma, sec,
160 cal/cm2 will have tc be accepted on the ground from a u-gigaton
burset. Such a fluence would be accepted very reluctantly!

If a more fragile organism, such as a virus, is to be attacked, or
the particle size is 5 microns, 25C cal/cmz, sec might suffice. This
can be achieved by 2% megatons at 20 Km, with only 1C cal/’csn2 on the
ground, perhuaps below & region of serious damage.

In summary, large-yield, high altitude nuclear burste may be a way

of defeating biological aerosols, especially of the more fragile organisms.
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9. WASHINGTON D. C. SUBWAY

G. A. Cristy

A succession cof delays in the design of the Washington D. C.
subway has postponed the scheduled evaluation of the subway as a
part of a comprehensive blast shelter system. The preliminary
7 are still valid.

Progress has been made by the Washington Metropolitan Area
Transportation Authority (WMATA) during the year. WMATA, &
regional agency which took over the responsibilities of the National
Capital Transportation Agency (NCTA) on October 1, 1967, has contracted
for design of several portions of the subway. The following

conclusions reported last year

Architect-Engineering firms are working on designs by March 1, 196&;
1. Armann und Whitney is designing the Judiclary Square Station,
the 8th and G Street Station, and the subway between. This contract

was let in August (1967) and is scheduled to be complete by July 1,
1968.

2. Kaiser Engineering is designing the DuPont Station and the
subway from the station to Rock Creek. This contract was signed in
October /1967) ari is scheduled to be complete by September, 1968.

3. Tibbets-Abbott-McCarthy-Stratton is designing a 255C feet
section of twin tube subway extending from 15th and G Streets Nw

under Lafayette and Farragut Squsres to Connecticut Avenue and X
Street NW. This contract was let in November (1967) and will be
complete by October, 136E.

b Rummel, Klepper and Kahl consulting engineers in association
with Mills, Petticord, and Mills (A-E) is designing the Farragut
Square station and the 1800 feet section of tunnel connecting the

station with the DuPont Circle station. Thls contract was signed in
February 1968.

Much of the delay in starting the design was caused by the
complexity cf obtaining approvals for the subway stations architectural




design. The architectural consultant Harry Wiese proposed a nuwnber
of designs before final approval was obtained from WMATA, the
Katioral Capital Planning Commission, and the Fine Arts Commission.
The stations (shown in Figure 1, will be "brightly lighted lofty vaults
cof classic simplicity."t The structure will be a high arch varying
somewhat in shape from 27-5C feet high and nearly 9 feet wide.

Another delay was caused by fears raised by the Smithscnian
Institute that vibrations from the G Street tunnel would damage the
new National FPortrait Galleries Buildirg (the newly restored Patent
Cffice Building). This was resolved by modifying the location of the
Bth and G Street station and the connecting subway, requiring extensive
underpinning of adjacent buildings, snd instelling vibration
dampeners between the subway and adjacent structures.

The WMATA has responsibility for planrning and building a complete
rapid transit for the Washington Metropolitan Area. This includes
the suturks in twe counties of Virginia (Arlington and Fairfax:
and two counties of Maryland (Frince Georges and Montgomery). In
keeping with their planning responsibility WMATA has developed a
proposal regional rapid transit planl shown in Figure 2. This plan
has been the subiect of a number of hearings and public meetings in
the District and in the suburban county governments this year for
approval and finencirg.

This proposed plarn expands the authorized 2

AWAY

mile gsyster to

a 95 mile system. It would increase the route miles of subway from
1°.4 to «2.9 and the number of subway stations from 13 to 43. The
expected conmpletion date for the presently authorized system is
late in 1972. The additions regquired by the proposed plan would be
scheduled to be complete before 128C. This plan, if approved would
provide ready access to a subway entrance for a much larger
percentage of the people within the metropolitan area. The increase
ir tunrel length would boost the estimated emergency capacity from
one-half million to 1.% million. This is sufficient capaclty for
the 1330 projected population of the District plus a sizable




1rT

Fig. 9.1 Design for Washington's New Subway Stations
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percentage of the residents of Montgomery County, Maryland, and
Arlington County, Virginia. No subway is proposed in Fairfax
County, Virginia, and less than two miles is planned for Prince
Georges County, Maryland.

Although there have been delays in the progress of design of
the presently approved system, the scheduled completion has not
yet been very seriously delayed.
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V. WEAPONS EFFECTS

15,  REPORT OF SHOCK TUBE RESEARCH DURING THE PERIOD
MARCH, 1967 - MARCH, 196&

L. Dresner and C. V. Chester

10.) INTRODUCTION

This past year we have taken great strides forward in shock
tube research, inproving both the mechanical aspects of our shock
tube as well as our techniques of measurement. As a result of these
improvements, we have been able to achieve a unified description
of the attenuation of shocks in long tunneis, both bare and
containing additional elements such as artificially roughened walls,
baffles, and scaled mcdels of human figures.

Figure 1 shows an overall view of our shock tube, which
consists of pieces of four-inch ID pipe of various lengths. Each

piece of pipe now rides on a steel cart, permitting easy rearrangement

of the shock tube. The pieces of pipe are now joined to one another

by Grayloc flanges {Gray Tocl Co.) rather than the screw connections

formerly used. The Grayloc flanges connect the various pieces of pipe

in a very simple and converient manner. These mechanical improvements

have eliminated most of the problems of setting up and tearing down
experiments.

In the past, the s ock tube was driver by small amounts of condensed
explosive (Detasheet-DuPont). Owing to the possibility of structural
damage, we were limited to about 5 grams TNT equivalent. With this
low yield, we had to evacuate the shock tube to rather low pressures
(~10 mm Kg) in order to model the effects of megaton explosions on
shelter tunnels. To avoid the inconvenience of pumping down, we
abandoned condensed explosives 1n favor of exploding gases, which
because they spread the explosion over a large volume, do not damage

the shock tube. The gas mixture we use now is a 21% propane-73%
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oxygen mixture at a gauge pressure of Z0 cm Hg. Before the explosion,
. the gas mixture fills a driver section at the upstream end of the
pipe {tre first two sections of pipe in Figure 1}. A Dacron-reinforced
polyethylene membrare confines the explosive mixture before the shot.
- The membrane is clamped in & special quick-release flange. The
quick-release clamp is counterweighted, and when the membrane is
being changed it rides smocthly out of the way. The gases are admitted
to the dirver section through a valved connection in the end cap;
another valved connection goes to a mercury manometer. The gases
are detonated by a .2?-caliber blank cartridge fired from a single-
shot rifle mounted in the end cap.

Piezoelectric transducers manufactured by the Kistler Instrument
Corporation are our measuring instruments. In the past, we used them
to measure shock overpressures directly, but they were unsatisfactory
in two regards. 1In the first place, they are sensitive to acceleration
and therefore respond Lo the mechanical vibretions induced in the pipe
wall by the passage of the shock wave. These vitratlons produce a
high-frequency background sigrnal which makes it difficult to determine
the shock over-pressure. Furthermore, even in cases in which this
mechanical noise was not too bad, the reading cf the transducer
seemed to vary with the ccnditions of service: we have observed
that simply removing a transducer from its mountirg and returning it
again changes its reading, sometimes by as much as Sui. Finally,
wher. compared with overpressures determined from shock arrival times,
directly measured cverpressures appear to be 25% lower on the average.
For all these reasons, we decided not to use the transducers to measure
peak overpressures directly. Instead, we use them in pairs to time
the flight of the shock wave cver a four-inch length cf pipe; the
. shock veleocities determired in these measurements are then converted

into shock overpressures using the Rankine-Hugoniot relations.
Shock overpressures determined in this way show much le-- scatter
. than directly measured values, and we believe them to be more accurate.

Occasionally, we are interested not just in the sno X overpressure
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but irn the entire rressure-time history at a point. Then we do use the
trarsducers to measure the pressure directly. A slight technical
difficulty arises here owing to the transfer of heat from the hot

gases to the transducer. Heat transfer takes time, so the shock
overpressure is unatfected, but after a few milliseconds the

pressure indicated by the transducers drops below zero and occasionally
goes negative by more than one atmosphere, an impossibility. Covering
the transducers with two layers of 7-mil-thick plastic adhesive tape
inhibits heat transfer and avoids this difficulty.

With these improvements, we have continued our studies of the
attenuation of shocxk waves in long tunnels. We have concentrated our
efforts ¢n attenuating elements of three kinds: artificially
rcughened walls, baffles {crifice plates), and scale models of humsr
figures. We have found from our experiments that the attenuation
produced by these elements can be reliably ccrrelated with the friction
factor that would govern fully developed turbulent flow in the same
rire. This nieans that we are now in a positiorn to predict the
at‘enuation that would be prcduced by elements for which the

friction factor for turbulent pipe flow is known.
C.2 RESULTS-BAKE TUBE

Tc demonstrate the detconation of the gas mixture, we measured the
detcnnaticn velocity in the driver section by timing the flight of the
detonation frent between rairs of transducers separated by a measured
distance, usually of the crder of 4C inches. According to measurements

. . - 1,. . : R
cf Breton qucted by Lewis and von Elbe,  the detonation velocity of a

Z1%-"J% propane-oxygen mixture is .57 km sec © at atmospheric pressure,
and is nearly independent of pressure. We carried out many e periments,
detcnating the gases with & spark, with .2Z-caliber blank cartridges,
with #C blasting caps, and with 5-gram explosive charges. Only the
stark failed to detonste the gases relisbly. The average detonation

velocity measured in a large number of experiments employing the

1

other detonators was Z.o0 wm sec T, ranging fromw & low of 2.50 to a
$ e -1 . . .
higr of 2.7¢ kn seec =, a spread of atout 1 27%.




Once we know the detonation velocity and have some idea abtout
the energy released in the explosion, we can estimate the ratioc of
the specific heats of tre burnt gas. 1In fact, if the explosion is

strong, (i.e., if the detonation pressure is large compared with the

initial gas pressure) these three guantities are simply related by the

equation

2 .,
U172
= Uy
7 (1+2q,

—~
—
~—

where U is the detonation velocity, ¢ is the energy released in the
explosion per gram of reactants, and > is the ratio of the specific
heats of the burnt gas. Taking U = 2.5 ¥m sec™> and G = 1.83 kilocal
g ~ {corresponding to the stoichiometric combustion of properie and
oxygen to carbon monoxide and water veper), we find » = 1.1%.

Knowing », we can calculate the shock overpressure as a function
of shock position by the numerical method of von Neumann and
Richtmyer.? In this calculation, the tctal explosive energy and the
length of the driver section are parameters. The initial data are

the pressure, dersity, and velocity distritutions behind the

detconetion front at the instant it reaches the membrane. The wave

diagram corresponding to this initial data (Figure 2) is that of a

Chapman-Jouguet detonaticn followed by a rarefaction wave. Because

the flow behind a Chapman-Jouguet detonation is sonic relative to

the front, the leading edge of the rarefacticn coincides with the

detenation front. Behind the rarefactior is a region of statiorary

burned gas of uniform pressure and density. The detailed computation
of the initial data is described in reference 3.
When the detonation front reaches the end of the driver section
(point P}, conditions change abruptly, combustion energy no longer
being supplied to the gas. The burned gas in the reglon x < L now
acts as the driver gas of a shock tube, while the air in the
region x > L acts as the gas being driven. A shock, contact surface,
and rarefaction wave emanate from point P exactly as tney do in an
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i : ordirary shock tube. The contact surface separates the air that has
E passed through the shock front from the burned gas that has expanded

: through the rarefaction. Eecause of the presence of the rarefaction

- emanating from the origin O, the trajectories of the shock front
‘ and the contact surface cannot be calculated as simply as they are

in the case of an ordinary shock tube (except in the immediate

1

‘ : neighborhood of point P). However, they can be calculated numerically.
[

Lot

|

Figure 3 shows the result of two such calculations. Here, Ap is

the shock overpressure, L is the length of the driver section, X is
the position of the shock front measured from the closed end of the
: driver section (and rnot from the membrane), E is the total energy

- of the explosion divided by the cross-sectional area of the shock

tube, and » is the ratioc of the specific heats of air. In the upper
curve the ratio of the specific heats of the burned gas was taken to
be the same as that of air, namely, 1.&.

Ir the lower curve the
ratio of the specific heats of the burned gas was taken to be 1.2.

The difference is considerable, showing the importance of accounting

for the change in the thermodynamic properties of the burned gas with
temperature.

One very interesting feature of both of these curves is the

plateau in the neighborhcod of X/L = 4. This plateau is caused ty

the forward expansion of the region of stationary gas behind the

rarefaction wave that follows the detonation front. This expansion

catches up with the shock front in the vicinity of X/L = 3 and

supports the shock front from about two driver lengths. This can be
|

seen clearly from a time sequence of pressure, density, and velocity
profiles given in reference 3

Figure L shows shock overpressures measured by the flight-time

method plotted against distance down the shock tube measured in driver

lengths. The curve is the lower curve of Figure 2 normalized tc s

: total exp r~sive yield of & kilocal per foot of driver length.

{In a
. four-inch tube, the

stoichiometric combustion of propane and oxygen at

a guage pressure of 2C c¢cm Hg to carbon monoxide and water vapor would

release 8.3 kilocal per foot of driver length.) The normalized curve
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compares well with the measured pcints. Particularly gratifying
is the experimental verification of the plateau, which is clearly

evident, though somewhat wider than expected.
1C.3 RESULTS - BAFFLED TUBES

The purpose of the experiments reported below was to test the
effect of various elements inserted into the shock tube on *tne
attenuation of shock waves. The elements were an artificielly
rougheried wall, orifice plates, and scale models of human Tigures.

The additicnal attenuation they produced can be related to the friction
factor that would govern fully de.eloped turbulent flow ir the same

ripe with the following formula

¢ = exp(-0.30faX/D) (

AV
~—

wnere

C is the factor by which the overpressure at the point
of interest is reduced compared to what it would be
at the same point in the bare tube,

f is the Fanning friction factor that would apply to
the baffled section of pipe, i.e., the section of
pipe containing the attenuating elements,

46X 1is the distance from the beginning of the baffled
section to the point of interest, and
D is the pipe diameter.

\

Equation (2) is based on the tacit assumption that the friction
factor f is constant. In the pipes with artificialiy roughened
walls or the pipes containing orifice plates described below, the
friction factor becomes constant for Reynolds numbers greater than
about 3 x lCh. The Reynolds number of the flow behind a 100-psi
shock in a fqur-inch pipe is about 6 x 106; for a 10-psi shock, it is
about 1 x lGC. However, as we shall see later, the friction factor
of the scale models of the human figures may not be constant in the

range of Reynolds numbers covered in our experiments.

FE R
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Figure 5 shows overpressures measured in a section of pipe
containing orifice pilates with a 3-1/8-inch I.D. Three different
spacings were used between the orifice plates, namely, L', B",
and 12". The length L of the driver section was 37" in these
experiments; the first orifice plate was located at 9'8". The pairs
of transducers were symmetrically placed around the pcints at
12'c", 14'11", 17'11", and 21'C", with no orifice plates between the
members of a pair.

The orifice plates used above have an area blockage of 3%%. F.
Arredih has published measurements of the Fanning friction factor
f for orifice plates with a 364 area blockage which cover fully the
range of separation of one to three diameters. According to data
of H. Mobiuss, the friction factor varies roughly as the square of
the area blockage at constant spacing, so that Arredi's values need
to be increased by a factor of about 1.17 to apply to our orifice
plates. Correcting Arredi's data, we find f = C.21, 0.15, and 0.12,
respectively, according as the orifice plates are spaced 1, 2, or
3 diasmeters apart. Shown also in Figure 5, are curves referring to
those values of f which were obtained by applying the correction
calculated from Equation (2) to the curve given in Figure L.
Agreement with the experiments 1s good.

In order to test the validity of the correlation (1) over a
wide range of friction factors, we performed an experiment in which
the friction factor was reduced by approximately one order of magnitude.
In this case, the wall of the shock tube was artificially roughened
by cutting & V-thread in it with an apex angle of 60° and a pitch
of 0.125". Thus the depth-to-pitch ratio is 0.£66 and thne depth-to-
diameter ratio in a four-inch pipe is 0.0271. Schiller6 has reported
values of f for various "LOwenherz" threads (metric threads with a
depth-to-pitch ratio of C.75 and flats at tcp and bottom equal to
one-eigth of the pitch). 1In one of his experiments, the depth-to-
diameter ratio was 0.0286; the corresponding value of f was about
0.013. Shown in Figure 6 are experimental values of the overpresswe.
The driver length was again 37"; the threaded section began at 3'8".

SRR
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Shown also is a curve calculated in the same way as before and based
on f = 0.013. Agreement is again good.

The last set of experiments was conducted using scale models
of human beings in the shock tube. The models were aluminum dowels
1/2" in diameter and 2-1/2" long; in an eight-foot-diameter tunnel
these dowels would correspond to a five-foot-tall figure with a mean
diameter of one foot. The dowels were screwed permanently into a
base plate in a triangular array shown in Figure 7. Five different
patterns were used, all of which are also shown in Figure 7. The
full-density pattern contains 8 dowels per diameter, corresponding
to a shelter packing of approximately 5,000 people per mile of
eight-foot-diameter tunnel. Of the remaining four patterns, two
correspond to two-thirds density, and two to one-third density.

Shown in Figures 8 a-e are overpressures measured at various
positions down the tube for these five patterns. In all cases, the
dowel-filled section of pipe began at 10'C". Three curves are
drawn in each figure, but before we consider them, we can draw some
interesting conclusions by comparing the different sets of points.
The two sets of points corresponding to two-thirds density agree with
one anothcr fairly well, although there appear to be some differences
in fine structure. The set of points corresponding to full density
also agrees with these two, in contradiction to the expectation that it
would be corrected by a factor C [See Equation (2)] equal to the
three-halves power of that applying to two-thirds density. Thus
it appears that the local flow perturbations introduced by the
presence of the pegs may interfere with one another (either
constructively or destructively), thus affecting the friction
factor. Such behavior has been observed by Schlichting in turbulent
pipe flow-7 Comparison Figures 84 and 8e both referring to one-third
density, shows further effects of such flow interference.

The same three curves are shown in each of Figures 8 a-e. These
curves have been calculated using Equation (2) with friction factors
arrived at in the following way. The Reynolds number of the flow
behind a 100-psi shock moving into air at STP is about 7.7 x lOs when
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computed with the half-inch diemeter of the aluminum dowels; the
Reynolds number correspornding to a 10-psi shock is about 1.3 x 105.
This is the range of Reynolds numbers covered in the experiments
reported by Schlikhting.8 In this range, the skin friction
. coefficient cf of cylinders falls from a plateau of about 1.15
- to a valley of about O.3. The three curves shown in Figure &
are based on values of the skin friction coefficient of 1.15,
two-thirds this value (0.77), end one-third this value {0.38).
Since the skin fricticn coefficlent is refcrred to the projected

area cf the cylinders rather than the wetted surface of the pipe,

the value of £ to be used in Equation (2) is relatco to e by the

equation
f d hN -
—_—= - (3)
cf D

where

d 1is the diameter of the cylinders,

I is their height,

N is their density (cylinders per unit length of pipe), and

I 1is the diameter of the pipe.
The three values of f are C.23, C.15, and C.77 respectively. The
three curves can also be used to estimate the theoretical difference
to be expected due to the different densities of packing used. The
estimates of attenuation based on Equation (2) roughly consistent
with the measurements, but without better values of the friction

factor no true test of the *heory is possible.
1C.L CONCLUSIONS

The experiments reported here already supply valuable information
on situations of practical interest at a scale of 24:1. 1In addition,
they lend strong support to Eguation (2), from which useful engineering
estimates of shock attenuation can be made. To further check

Equation (2), experiments are planned in which a configuration of
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1/8-inch dowels with a precisely known friction factor is used.
Finally, the experiments will be extended to greater attenuatiors .
to determine the limits of validity of Equation (2).
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11. THE PEAK OVERPRESSURE AT THE FOOT OF A VERTICAL
WALL FACING AN AIR BLAST

Lawrence Dresner

11.1 INTRODUCTION

The peak overpressure at the foot of a vertical wall facing an
air blast is higher than the peak overpressure at the same point when
the wall is absent. Multiple reflections of the incident shock front
in the right angle between the wall ind the ground cause the increase,
Generally speaking, multiple reflection of shock waves leads to com-
plicated flow fields that are impossible to analyze, but fortunately,
in the problem at hand, practical results can be obtained by studying

a few simple, analyzable flow fields.
11.2 ANALYSIS

Figure 1 shows the situaticn we shall study. The dimensions of
the wall have purposely been exaggerated in comparison with the burst
heights and ranges of nuclear explosions.

When a shock wave strikes a reflecting surface, two different
kinds of reflection can occur: regular reflection and Mach reflection.
Which one actually occurs depends on the shock strength and the angle
of incidence. It appears, then, that we have to analyze four different
situations according to whether regular or Mach reflection occurs at
the ground and at the wall. However, in the Mach region the incident
shock will not strike the wall at all if the Mach stem is higher than
the wall, as it will be except in & small region near the point where
Mach reflection begins. Thus, we shall consider only one situation in
the Mach region, that shown in Figure 2-1.

The reflection of the Mach stem at the wall is the same as the
reflection of any shock wave normally incident on & plane wall. Hence

we can find the peak pressure at the base of the wall, and indeed over
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its entire face, by combining the known solutions of the problems of
oblique and normal shock reflection.

When the reflection on the ground is regular, two situations, shown
in Figures 2-2 and 2-3, are possible. That shown in Figure 2-2 1is of
lesser importance, being possible only when the incident shock has a
peak overpregsure less than 9.8 psi. This can easily be shown by con-
sidering Figure 54 of Section 125 of reference 1. This figure, repro-
duced here as Figure 3, shows the angles of incidence a, and the
pressure ratio po/pl = £ of the incident shock for which regular
reflection is or 1s not possible. Here P, is the pressure of the undis-
turbed air, and Py the pressure (not overpressure) of the air behind
the shock front. The curve marked E and the line ag = h5° intersect
at po/pl = 0.60. When po/pl < 0.60, if a  lies in the domain where
regular reflection is possible, aé = 9C° - ag the angle of incidence
on the wall, must lie in the domain where no regular reflection exists,
which is what we wished to prove. Finally, po/pl s .60 implies opy 2
9.3 psi.

The conclusion that the configuration shown in Figure 2-2 can only
occur for Ap) S 9.8 psi is based on the impossibility of satisfying the

conservation relations that must hold across shock fronts when APy > 9.8

psi. The experimental evidence, as summarized by Courant and Friedrichs,/

seems to indicate that while the configuration ie possible for weak
enough shocks, it does not actually occur. According to Courant and
Friedrichs, if we keep the strength of the incident shock wave rixed

and change the angle of incidence gradually from o° to 900, the reflection

is regular until stationary Mach reflection is reached; from then on
Mach reflection occurs. Since the angle at which stationary Mach re-
flection appears 1s always less than 45° (see Figure 66 of Reference 1),

the configuration of Figure 2-2 will not occur. Thus the only configura-

tion of shocks possible when the incident shock undergoes regular reflection

on the ground is that shown in Figure 2-3. Normal reflection of the
downward-moving Mach stem on the ground produces the peak overpressure,

which can be calculated exactly as for the configuration of Figure 2-1.
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behind the incident shock.
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Figure I shows the peak overpressure at the foot of the wall as a
function of angle of incidence for five incident overpressures between
4LL.1 and 195.3 psi. The left-hand branch of each curve corresponds to
the configuration of Figure 2-3; the right-hand branch to that of
Figure 2-1. The discontinuity occurs at the angle of stationary Mach
reflection. The calculations were done with the aid of published graphs
of the so-called "magnification factor" (the ratic of the pressure
behind the reflected shock to the preassure behind the incident ghock)
as a function of angle of incidence for various strengths of the
incident shock.3 I supplemented these published graphs with additional
graphs of my own.

The implications of Figure & are dramatic. Consider, for example,
a blast door mounted flat on the ground and exposed to a Li.l-psi shock
at an angle of incidence of Lc®. The reflected coverpressure is then 137
psi. According to Figure 4, the same door mounted vertically would have
to withstand a peak overpressure of 770 psi, more than 5.6 times as great
as in the horizontal position. This example has been chosen to be
dramatic, but the reflected overpressure on a horizontal blast door
is always less than or equal to that on a vertical blast door (the two

becoming equal au ground zero).
11.3 EXPERIMENTS

In order to check the theory outlined ahove, I performed some
experiments, described below, in the four-inch explosively driven shock
tube.h A cylinder with a right angle cut out of it (Figure 5) was
mounted in the shock tube with the two faces of the right angle inclined
30° and 60°, respectively, to the axis of the shock tube. A schematic
diagram of the experimental setup is shown in Figure 6. Two transducers
were mounted four inches apart just in front of the cylinder; by timing
the flight of the shock front between them, the shock velocity could be
obtalned. The overpressure of the incident shock could then be calcu-

lated from the shock velocity. A single transducer located in the apex

of the right angle with its face parallel to the shorter leg measured

e i ek

vy J AL

il bl 10 e

T N R R

Tl 1 -

L




210

ORNL-DWG 68-2847

10,000

% 5000

a

o

5

% 2000

O

E 1000 |- 180, =195.3 psi (£=0.07)

§ Bpp e =132.3psi (€= 0.10)

um.: 500 : A _ .

g plNc-83.3 psi {£€=0.145)

%J 200 ) Ap'Nc =588 ps.i (£=0.20)
Apmc=44.1 psi (§=0.25)

! ! i :
100 L S |
0 15 30 45 60 75 90

ANGLE OF INCIDENCE ON GROUND (deg)

——

Fig. ll.% The peak overpressure in the reentrant right angle between
& vertical wall and the ground as a function of angle of incidence on
the ground for several incident overpressures.
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Fig. 11.7 A schematic diasgram of the experimental setup.




tiie reflected pressure. The incident pressure was varied by varying
the distance of the cylinder from the driver end of the shock tube.

For incident overpressurez less than 107 psi, the incident shock
front suffers Mach reflection on the longer leg of the right angle and
regular reflection on the shorter leg, corresponding exactly to the
situation shown in Figure 2-3. For incident overpressures greater
than 105 psi, Mach reflection occurs on both legs of the right angle
(Figure 7). When the incident overpressure is only slightly greate.
than 105 psi, the Mach reflection on the shorter leg is close to
stationary reflection, which is to say, the velocity of growth of the
Mach stem is small compared to the velocity at which it moves along
the shorter leg. This means *“at the instant the two Mach stems first
touch, that moving along the iung leg will be much longer than that
moving along the short leg. For example, when the incident overpressure
is 1i2.3 psi (§ = C¢.1), the two Mach stems are £.52" and .0061" long,
respectively, &t contact, a difference of almost a factor of 10Z. Even
when the incident overpressure is as high as 475.3 psi (§ = ©.03), the
two Mach stems differ by more than a factor of U in size, the larger
one being about 0.56" long and the smaller 0.027" long. Since the
velocities of propagation of the two Mach stems are comparable, it is
clear that the foot of the Mach stem traveling along the long leg
of the right angle will collide normally with the short leg, free from
any perturbation caused by the Mach stem tr-veling along the short leg.
Hence, the peak overpressure should again be due to the normal reflectlion
of the Mach stem traveling along the long leg.

Figure 5 shows the reflected overpressure at the vertex of the
right angle as a function of the incident overpressure for the 300-600
case. The curve has been calculated by assumning the Mach stem traveling
along the long leg to be normally reflected from the short leg. The
prints are experimental. The agreement is very good for incident over-
pressures greater than about 100 psi, whereas for lower pressures the
theory gives a slight overestimate. On the whole, the comparison supports

the contention that the simple theory outlined above is substantially
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LINEAR DIMENSIONS
SHOWN TEN TIMES
ACTUAL SIZE

30°

A

Fig. 11.7 Sketch showing the configuragioncof sh.ocks when there is
Mach reflection on both faces of the 307/(C” wedge. The angles
correspond to an incident shock overpressure of 475 psi; the Mach

stem moving along the shorter leg of the right angle has been shown
ten times its actual size.
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correct. Of course, the Mach-Mach situations being considered here

are excluded in the theory on which Figure &4 is based by the assumption
that the Mach stem traveling alcng the ground is higher than the

wall.

The key point in the above discussion of the Mach-Mach situations
is the difference in the lengths of the two Mach stems. It is interesting
to ask what would happen if the right angle were symmetrically
oriented so that each of its legs made & bSO angle with the axis
of the shock tube. Since the angle of incidence on both legs is
now LSO, the incident shock undergoes Mach reflection on both legs.
Furthermore, both Mach stems have exactly the same size at all tines
owing to the symmetry of the situation. Hence the previous anglysis

cannot be used.

X . . 0 o
To aid irn analyzing the 45 - L5 case, we shall make use of the

fact that the plane that bisects the right angle can be replaced by

a rigid wall and only half of the right angle considered. NKow as
time passes, the Mach stem grows and eventually reaches the bisecting
plane. It is incident on that plane that an angle of uSO, and
undergoes another Mach reflection there. Of course, the reflected
shock from the first Mach reflection also is reflected at this

point and a rather complicated flow develops near this point. If
this process continues indefinitely, it wculd appear that the reflected
pressure in the vertex cf the right angle becomes infinite, but it

is impossible to be certain of this because of the cumplexity of the
flow field.

Before abandoning analysis of the situation, however, we should
examine the numerical values of the verlous quantities involved. For
definiteness, let us consider an incident overpressure of £3.3 psi
(€ = 0.15). The trajectory of the top of the first Mach stem is a
straight line inclired only 3.10 to the leg of the right angle. Hence,
when the top finally reaches the bisector, the foot of the Mach stem
is only ¢.14" from the vertex, measured along the leg. The top of the
second Mach stem is inclired only 3-80 to the bisector; it reaches the

1.1

leg at a point only C.014" from the vw~rtex, measured along the leg.
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Let us now examine conditions on the last quarter of an inch of the

g - leg befcre we reach the vertex. This is the region occupied dby the

j face of the transducer. Except for a very small region right near the
vertex, the transducer face sees only the passage of the first Mach

. stem and experiences at first only the pressure of the alr behind it.
Since the alr vehind the first Mach stem is moving intc the right

ape

angle, it must eventually come to re-t. Thus we expect that out of the
small region of multiple reflection right near the vertex, the reflected
shock will emerge, moving perallel to the leg, across which the shocked
alr behind the first Mach stem will come to rest. The pressure behind
this reflected shock front will be just that due to the normal
refiecticn of the first Mach stem. Because the transducer face is much
larger than the tiny region of multiple reflection, this is the

. pressure it will record. A much smaller transducer would presumably :
record a much higher reflected pressure.

. To test the above ldeas, an experiment was performed with a

. 559 - 45° cylinder. The results, together with a curve calculated
by assuming normal reflection of the first Mach stem, are shown in
Figure 3. The agreement of theory and experiment is about as good

&s in Figure &, again being better for higher incident overpressures

than for lower.

AT . .

1l.4 CONCLUSIONS

Practical results for the pressure amplification in the right
angle between two planes can be obtained by combiring the known solutions
of the problems of oblique and normal shock reflection. Figure &4 ;
shows the peak overpressure at the foot of a vertical wall as a function %

of angle of incidence for several incident overpressures.
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12. POWER REACTOR VULNERABILITY TO NUCLEAR WEAPONS

C. V. Chester and R. 0. Chester

12.1 INTRODUCTION
12.1.1 Power Reactors as Targets

A typical 1000 MWe nuclear power reactor has a long-lived fission
product inventory in its core equivalent to the yield of a 29 megaton
weapon. If a smaller weaporn, say 100 KT, can release this inventory,

a nuclear reactor might be deliberately targeted.

Figure 1 compares the activity from a 100 KT flssion weapon after
detonation and (rom the total inventory of fission products in a 1032 Mwe
reactor core atter shut down. The fuel in the core is agsumed to have &
three year operating time and to be wniformly rotacz2d so that fuel of all
axes between G and 2 years is equally represented. The reactor core
activity consists primarily of the longer lived isotopes and although
initially there is less activity in the reactor core than in the weapon,
in less than & day the activity levels are reversed. Now it takes the
reactor activity 2 1/ years to decay to the level of the weapon activ-
ity at 2 weeks, After 10U years nearly 50% of the reactor activity is
28y908r and 29y137Cs. In contrast, ancther bioclogically active element
with no long lived isotopes, iodine, has a total activity in the reactor
core comparable to that in a weapon. The lodine activity in both the
weapon and the reactor has essentially disappeared after 2 months.

Building several of these large reactors together on a single site,
as most power companies do, tends to make power reactors even more vul-
nerable. Brown's Ferry, Alabama for example, will have three 1000 MWe
reactors arranged in a line 151 feet from reactor center line to reactor
center line.

Additionally, there 1s spent fuel storage adjacent to the reactors.
This spent fuel is usually less well protected from blast effects than
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the operating reacter core and could add substantially to the weapon
fallout. 1In some cases fuel recovery plants with fuel storage pits
capable of holding many years inventory of fuel will be built close to
the large reactors. The MFRP (Midwest Fuel Recovery Plant), for example,
is already approved for a site less than one mile from the Dresden power
plant containing three reactors. The overull object of this work is to
determine just how vulnerable to nuclear attack the large nuclear power

plants are.
12.1.2 The Test Prototype

The Turkey Point reactor to be bullt south of Miami was selected
as the test prototype for this work. The Turkey Point reactor is a
7. MWe pressurized water reactor. The operating pressure is 2100 psi
at G50°F. (See Figure 2.)

The reactor pressure vessel shown in Figure 3 is a steel cylinder
o feet long with hemispherical ends. The vessel has an inside diameter
Just under 12 feet and a nine-inch thick wall. The top closure is a
hemisphere connected to the cylinder by a bolted flange. The reactor
is surrounded by a biological shield of reinforced concrete approxi-
mately 053 inches thick. Coolant pumps and steam generators are situated
in chambers around the btiological shield, and the pumps and generators
are surrounded in turn by another concrete wall about 12 inches thick.
Finally, the entire reactor is enclosed in a cylindrical containment
wall of prestressed concrete 120 feet in diameter and L2 inches thick.
The contalnment wall is designed to withstand a - ‘' mph wind and a S psi
differential pressure acting simultaneously, missiles consisting of a
car traveling at »U mph, %50 lb bolted wood decking traveling at 50C mph,
or 120 1b siding sheet traveling at 500 mph. Tornadoes in the Florida
environmer’ are, in part, responsible for the substantial design of the
containment wall. A diagram of the principal structural elements of the

reactor is shown in Figure “.
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12.1.3 Criterion For Preferentially Targeting & Power Reactor

m

The criterion for preferentially targeting a jower reactor is the

production of a significant nusber of additional casualties due to the

presence of the reactor in the target area of a nuclear weapon. By this
criterion, damage to the reactor causing a loss-of-coclant meltdown and
simul teneous loss of containment would not be significant unless casual-
ties were produced. Nuclear weapons effects on power reactors can be
ivided into 3 important cases.

The first case occurs when a weapon 1s detonated far enough from the
reactor that the containment wall is subjected to 5 psi or less.l A
1 KT weapon detonated 2 miles or more froa the reactor falls into this
case ac does a 1O MT weapon detonated at least w miles away. In this
case there will be no lcss ¢f ceontainment, no activity release, and
therefore no additioral casualties produced.

The seccnd cese occurs when the weaporn detcnatec is close enough to
the reactor to produce overpressures sufficient to breach the resactor
containment and damage tie primary cociant systemr tut not sufficient to
rypture the pressure vessel. If the vessel is not breached, except for
the coolant lines and mincr damage tc the integrity of the vessel, the
cere wiil remain in the vessel. The vessel itself could te thrown

sever hundred fee: by the explosion. The mode of failure can best be

al
predicted by model studies, reported later. A 100 KT weapon detonated
s to 6320 feet from the reactor or a 1o MT detonated 2033 feet to ©
miles away would be examples of this cecond case. It is assuned the
engineered rcactor safeguards are also damaged and a core meltdown could
otewr in 1/2 to 2 hours with the consequent release of less volatile
fisssion products.

In order for the fission products in the core to produce signifi-
cant additional casualtieg, they must first be moved from the area of
imuwediate weapons effects and then deposited in ccencentrations that
produce dangerous radiation levels. We argue that those fission product
vapors escaping from the area of a meltdown will not be deposited down-

wind in quantities s=ignificant® compared with the weapen fallout. In
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order to be deposited in quantity, the fission products must be mixed
. with the earth pulled up in the stem of the cloud, and hence must escape
from the reactor in large amounts within seconds of the burst. Since
minutes are required for the core to melt, the fission products from a
core meltdown will not be included in the weapon fallout. The atmos-
pheric effects of the nuclear weapon (except for any large and persis-
tent fires) have occured long before the meltdown, therefore, local
meteorological conditions determine the distribution of the radiocactive
ity released from the core. 1t is highly improbable that the local
me teorological conditions will carry enough radicactivity from the :
reactor core to create serious biological effects outside the region of

high-casualties from initial weapon effects. The high casualty regicn

a3 e

is approximately one mile from ground zero for a 100 KT weapon and nine
. miles from a 10 MI.

[RTI

The third case occurs when a nuclear weapon is detcrniated close
enough to the reacter that the impulse per unit ares delivered to the
containment wall is greater than 1&0-200 psi-sec. In this case, the
reactor pressure vessel is broken oper, the fragmented core is ejected
from the ruptured pressure vessel is broken open, the fragmented core
- is ejected from the ruptured pressure vessel and entrained in the stem

of the cloud. Fission product release could be significant while the
core i{ragments are in the stem and a fraction of the reuctor fission
products could be added to the weapon fallout. If this third case is
logistically and economically obtainable, & power reactor makes an

attractive target.
12.1.L Weapon Effects

At the maximuu distance a nuclear weapon can be detonated and still
N breach a reactor pressure vessel, the most destructive weapon effect is
the blast. Jonizing radiation will be essentially excluded from the core :
by the shielding. Radiation from the thermal pulse will have diffused

R only a few inches into the outer concrete shell before the arrival of a

B

multi-kilobar shock for detonation close to the reactor. When detonation
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takes place at larger distances, the phenomenon of "breakaway" will
have occured and the shock wave arrives before the firebali,

The effects of the blast loading orn the outer shell have been
calculated using the procedures outlined irn Glasstone2 nd weapon
effects calculated by }iillendahl3 and are shown in Figure 5. Calcula-
tions are for yields and ranges producing impulses that scaled experi- .
ments have shown to be in the neighborhcod of those just breaching the
pressure vessel. Since typical reinforced concrete begins to fail at
5000 psi, the strength of the outer shell may be regarded as small com-
pared to the blast loading. The shell is accelerated to about 2020 ft/sec
and thrown against the biclogical shield of the reactor. A largely
inelastic collision occurs and the combined masses impact the pressure
vessel, accelerating the pressure vessel to 3 or & hundred feet per
second. As a vesult of the impact and depending upon the state of pres-
surization of the vessel, the bolts holding the top flange may shear

and the vessel may split lengthwise on the side opposite the impact.
12.1.5 Fission Product Release

Fission product release depends very strongly on whether or not the
reactor pressure vessel is throughly fragmented and the crushed and frag-
mented core is exposed to the atmosphere. There will be & maximum re-
lease of fission products if the core fragments are exposed. These core
picces coculd be picked up with the other debris by the wecapon stem winds
and reactor fissicn products might be released and added to the weapon
fallout.

The exact fission preduct release is difficult to estimate. How-
ever some very rough estimates are given in "Emergency Core Cooling,"‘4
based on small scale release expariments conducted at ORNL.a LG to
W03 of the volatiles and "substantial fractions" of the ronvolatiles are
estimated tc be released from a thoroughly fragmented core. The gaseous *
fission products that ccllect in void spaces between fuel and cladding
will start escaping as goon as the fuel cladding is fractured by blast

c

tivity of the noble gases and halogens is plotted in
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Figure 1. As the temperature of the fuel rises, other fission products
become volatile. Ce, Te and Ru, for example, are volatile at the melt-
ing point of the cladding. Release of the volatile oxides of ruthenium
will be inhibited if there is water present because there will be a
water-metal reactlion providing a reducing atmosphere which seems to
inhibit the Ru oxide release.

When the pieces of core or pressure vessel and core fall back to
the ground, any piece of core with enough fission product heating to be
molten, and hence a sizable inventory of fission products, will proceed
to bury itself by melting its way into the ground. A core contained in
the pressure vessel will bury itself after melting thru the pressure
vessel because it is heavier than the usual materials of the ground and
Lo, has a melting point (SlLOOF) above that of ground materials (sand
3190%, limestone -535°%F).

The comparison of the time sequence of weapons effects and reactor
tlowdown in Table I. will illustrate the probable fission product re-

lease procedure.
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12.2 MODEL TESTS
17...1 Similitude

In experiments on the effects of shock and blast on stru~tures, it
is convenient to reduce the physical size of the test specimen while °
keeping constant thc physical properties of the materials of construc-
tion and the transmission medium (air). A physical size reduction of
100 to 1 was selected for convenience. If velocities created in the
model are Kept the same as in the prototype while physical length is
reduced, it follows that velocity, stress, pressure, densgity, and
strain are invariant between model and prototype. As is shown in Table
I1, time, momentum/unit area, impulse/unit area, and energy/unit area
are all reduced by the scale factor of 100. Force and total mass are
reduced by the square and cube of the scale factor respectively. Accel-

eration and vibration frequency are increased by the scale factor.
12.2.% Dissimilarities .

Rate-of-strain is increased by a factor cf 1JJ in the model. 1In
some stress regions, the response of concrete is sensitive to strain
rate. In thesge regions, special mixes of concrete would be required to
give the model the same dynami~ response to load as the prototype. 1In
the experiments at hand, the strength of the concrete is small compared
with the forces at work, and nc special mix is required.

It was observed experimentally in this work that incident energy/unit
area from a chemical explosion charge was not the energy/unit area calcu-
lated from the scaling laws from full size nuclear weapon. This ig not a
failure of the scaling procedure but is causged by the different way energy
is transtitted from the explosive charge to target in the full size and
scaled cases. In these experiments, a given amount of energy from high
explosive delivers a much larger impulse to & unit area target than would
be calculated from scaling a nuclear explosion. The discrepancy is due

to the very swall maes of air in the nuclear sxplosion, relative to the

mass of high explosive gaces in tre chemical explosion, that is available

i |




TABLE 1I

Scale Factorg for Reactor Model

Variable Dimension Model/Prototype Scale
Length L 1/100
Velocity L/T 1/1
Tine T 1/10¢
3 6
Total mass Mz L 1/10
- L
Force F = MLT™C 1/1s
Stress -
FL™® = ML lT © 1/1
Presswre
Density ML 1/1
Accelerstion L2 106/1
Momentur/unit mass v 1/1
Momentum/unit area mptrt 1/100
-2 -1 -1 .
Impulse/unit area FTL © = ML 1,100
Vitration Frequency -t oC/1
Strain ™t 1/1
-1 _-1 ,
Energy/unit sarea ML °T 1/1¢0

Rate of Strain T 106/1




to transmit the impulse from the explosion to the target. In a nuclear
explosion all the impulse per square centimeter must be delivered by
accelerating a gram or two of air (plus a few milligrams of bomb debris)
to a very high velocities. 1In the chemical explosion, at the same
relative distances, there are hundreds of times as much explosion gas

to carry the momentum, so 1Y must be accelerated to proportionally less
velocity, and requires proportionally less energy. Twd> methods of pro-
ucing the scaled explosive blast parameters were used.

The simplest method of doing the experiment depends on the assump-
tions that (1) the damage done to the contents of the containmert shell,
including the reactor, is by the moving contaiument shell or its frag-
ments, and (2) the strength of the containment shell is small compared
with the overpressure. If these assumptions are valid, the explosive
can be put directly or the outside wall of the containment shell.

Another method of doing the experiments was suggested from correla-
tions in the literagure ol the velocity imparted to a flying plate bty a
sheet of explosive.u A quantity of explosive can be selected to Jeliver
the same impulse to the plate as the air shock under consideration. In
actual practice, the explosive charge required to produce the damage of
interest was determined experimentally, and then the impulse calculated.
At the impulse levels of interest, a nuclear explosive produces peak
pressures cf a few kilctars. This can be reproduced in the model by
standing the sheet explosive off the target a calculated distance; of

the crder of an inch in the model.
12.2.2 Experiments

The objective of the preliminary experiments was to find the impulse
range where the Turkey Point pressure vessel would fail catastrophically,
and add its contents to the debris entrained in the stem of the cloud.

A first series of very rough approximition experinments was run using
2-inch pipe ripples to simulate the reactor pressure vessel, a =-inch ID
concrete drain tile to simulate the radiation shield around the reactor,
and a piece of 1/2-inch gypsum board to simulate the portion of the con-

teinment vessel betwec: tite reactor and the explosion.
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A more careful model of the reactor pressure vessel fabricated from
a 1 1/2-inch sch 80 pipe nipple with welded end caps was included in one
shot. The inner wall had been bored circular and then the cuter wall
turned down to give a wall thickness of 0.3 inches, 1/103 of the Turkey
Point dimension. From thils series it was determined that the interface
between survival and fallure of the welded model reactor vessel is at an
impulse of atout 2 psi-seconds (corresponding to 20C psi-seconds in the
full sized reactor) delivered to the containment wall.

A second seriec was run varying the thickness of the containment
shell, using both 2-inch pipe nipples and welded model targets. From
this series it was learned that damage to the target correlated well with
the kinetic erergy per unit area acquired by the contalnment wall.

In the third series, a 1/100 scale model of the concrete containment
shell and reactor shielding cast from plaster of paris was introduced.
The effect of pressurizing the reactor vessels and explosive stand-off

was explored.
12.2.4 Results

A summary of the experiments run to date is compiled in Table III.
Under Target are listed the models used for the reactor pressure vessels.
The pressures listed in test series 3, indicated by Shot No. 3-0 through
3-L, are the pressures in the model at the time of firing. 1In every test,
the vessel was filled with water. Under shielding are listed the materi-
als used to simulate the radiation shielding around the reactor, and the
sectional density in grams/inches2 in the direction of the blast.

Under shell in Table III are listed the various weights per unit
area of the materials used to simulate the outer containment shell. For
the majority of the tests these were G-inch by 1l2-inch pleces of gypsum
board, using one to three layers to get the desired welght per unit area.

Under Expl. in Table III is listed the Gm/square-inch and type of
explosive used. Gel denotes blasting gelatin, A is DuPont "Detasheet
type A," and C is DuPont "Detasheet type C'. The explosive energy of
gelatin is taken at 1.42 Kcal/gm., "Detasheet type A" at 1.21 Kcal/gm
and 'Detasheet type C at 1.0l Kcal/gm. The rnctation "tamped” indicates
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that the charge was tamped with a mass equal to the shell mass.

The distances given in series 2 are standoff distances lLietwecen the
charge anrd the shell. In these experiments the charge was placed in a
I <inch ID by 1 1l/s-inch wall concrete tile, coriented to function as an
expendable shotk tube and direct the shock against the shell.

Under & is tabulated the ratio of mass per unit area cf explosive
to that of shell plus tamping. E is the frac“ion cf explosive energy
converted to kinetic energy of the shell and tamping, calculated from
literature correlations.& This kinetic energy in Kcal/inch2 is listed
for the shell in the next column. The momentum of the shell is given in
the next column.

Assuming coanservation of momentun and & perfectly inelastic collision
of the shell with the shielding, the kinetic energy of the combined mass
was calculated and is listed in the next column. This is the kinetic
erniergy of the mass impacting the reactor vessel near its centerline.

The numbers in parentheses in this and the previous two columns in
series 3 are upper limits, assuming no energy losseg as the blast traveled
down the disintegrating concrete shozk-tube to the target.

The damage produced on each specimen is listed in the last column.
The damage may te more clearly seen in Figures €, 7, and 8, which are

T higtographs of the specimens after the shots.
12.2.5 Conclusions from Model Tests

1. A welded, unpressurized model vessel will be lightly damaged by
an impulse of 1.( psi-ceconds delivered tc outside wall, moderately dam-
ages by 2.C psi-seconds, and destroyed by 3.20 psi-seconds.

2. Pressurizing the vessel reduces the impulse required to rupture
the vessel. Rupture mechanism is tensile tajilure of the downwind side.

3 The bolted closure may be the weakest part of the vessel under
side-on impact. This will he difficult to assess quantitatively because
of the difficulty cf constructing accurate small models of the closure.

Vulnerability may te & very strong inverse function of bolt ductility.
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Fig. 12.7. Models of the Reactor Vessel (See Table II1).
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Fig. 12.5. Models of the Reactor Pressure Vessel (See Table III).
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12.2.6 Recommendations for Future Tests

With the technology that has been develcped it is possible to explore
a variety of overpressure reglons on reactor models. It would be inter-
esting to determine the maximum overpressure that the primary loop could
survive. It would also be interesting to compare the rupture pressure
of the pressurized-water reactor vessel with that of the boiling-water
vessel and a prestressed concrete pressure vesgsel.

At lower overpressures, gravitational forces begin to become impor-
tant. These could be accurately simulated by subjecting the model to an
upward acceleration of 100 g's for a distance equal to the height of the
model, to commence when the shock reached the model. This might be done
by giving the model and explosive assemtly a downward velocity of 80
ft/second, possibly by dropping it 100 feet, and then decelerating it
in one foot with a constant force, poseibly by crushing an appropriately
sized pad of aluminum honeycomb. For pressures in the neighborhood of
a few hundred psi, a shock tube would have to be used for this experi-
ment to reduce the overpressure to the right value. If the required
length of tube were much more than a meter, it would probably be easier
to design the experiment with a larger diameter tube whichb remained

stationary while the model was decelerated across its mouth.
12.2.7 Significance

The model tests indlcate that impulses of the order of 100 psi-
seconds delivered to the containment shell will be survived by the
depressurized reactor pressure vessel. With minor modifications to
the vessel and conteinment structure this could eagsily be increesed to
200 psl-seconds.

Figure 9 shows the variation of impulge tc a vertical wall with
miss distance for 10C Kt and 35 Kt ground burst. The impulse decreases
very nearly linearly with miss distance. For 100 Kt surface burst, a
miss distance of 220 feet mumt be achieved to deliver an impulse of
200 psi-seconds. A distance of 45¢ feet will reduce the impulse to

100 psi-seconds.
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These distances are small compared with the order of magnitude of !
miss distances for ICBM's. If one assumes a Circle of Equel Probabrility, i

or CEP, of 0.5 nautical mile for a system delivering weapons of any given

yield, the number of weapons required for a given probability of deliver-
ing a given impulse to the target can be calculated. Filgureld is a plot
of the number of weapons required for a 5C7 probability of giving an
impulse of 20 psi-seconds toc a target as a function of yield. From :
this figure, 78 120-Kt weapons are required for a 50% probability of
delivering 100 psi-seconds to the gide of & target 120 feet in diameter.
This 1s very expensive to the strategic planner.

The situation of multiple weapons is much meore complicated than is
indicated by this simple calculation. Previous weapons can both blow
away the protective concrete, increasing the vulnerability of the vessel,
or can bury or eject the vessel from the target area, decreasing its
vulneratility.

Figure 11 is a drawing of the containment shell superimposed on a
drawing of a 1C0-Kt crater, showing the position of the shell where it
would receive 200 psi-seconds and providing a qualitative indicatien of

the magnitude of the hardness cf the pressure vessel.
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INTERACTIC!

David E.

Botrow

Thig projezn hue two otjectives. The Tirst is to clarify the inter-

national coassguences of dilferent American continental defense postures.

n

The second is to develop data, theory and technicues which will improve
uiderstanding of tie precsent and rucure national security environrent.

We use political and psychclogical analyses to pursue these objectives

or

cLause we teel econoric and technological analyses alone provide an
irsufficiei,. basis for defencge policy choices. This report: (1) sum-
marizes the rationals Tor and the natuwre of the data w2 have gencrated

-~

from Zhinese Communist public statements; (Z) gives examples of findings
erntion to different antors in the internationa
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oint of Américan national cecuwrity policies is to improve the
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are 1o acnieve their point, i.e., increase the security of this country
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American officials need to kncw which members of the internaticnal
system represent a genuine threat -- as opposed to an irritation -- to
this country and what effects alternative policies will have on the
behavior of these genuinely threatening states. That is, national
security declsion-making is improved to the extent that we have refined
and maunipulated data that let us describe what properties nations have,
observe what these nations are doing so we can chart alterations in
these properties (monitorirg), and predict the effects of alternative
American pclicies on these properties. The data used for this report
were developed for these three purposes.

It seems useful to relate the work reported here to earlier parts
of the strategic interaction project- The first stage of the project,

a cualitative examination of Chinese Communist public communications,
showed that the CCF (Chinese Communist Party) views the elements of
military power and the determinants of conflict btetween states very
differently from Western or Scviet strategic analysts.l Accordingly,
the Chinese response to a super-power continental defense deciszion (e.g.,
U.S. 4.1 deployment) is calculated on the basis of a very different
strategic model. This initiml research dealt only with the beliefs and
valies ©f tne Chinese elite, largely as trey derived from the historicsl
experiences of the CCP. Clearly, such an analysis was undesirably
imprecise in its data and ccnclusions and undesirably restricted in the
variables used.

Accordingly, the second stage of the project re-analyzed guantita-
tive data collected in terms of "objective" economic, military, and
political variables and data derived from guantitative content analysis
of Chinese commurications.® The re-analysis indicated that: (a) with-
out understanding the political psychology of Chinese elite decision
making, we could not arrive at arn adequate understanding of China's
national security behavior; and (b) Chinese elite decision-making could
not be validly described as dispositionally irrational, undifferentiated
or rigid in their responses, as these terms were defined irn the ie-analysis.

Accordingly, the third stage of the strategic interacticnu project

was consisted of building and analyzing a date base which: (a) deals with
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the political psychology of Chinese elite aecision-making; and (b)) allows
us to distinguish different levels of raticrality fi.e means-ends
consistercy ), differentiation and fliexitility. For the reasons statcs

b . : ~ .
lagt year,” wWe used summaries prepared by the editors of People's Daily,

and, after assembling a raw Jata set covering the yearc 1l throug.. 17,
prepared {ifteen weexks Tor analysis. The weeks were deliberately selected
to represent different event climates in each of the five years for which
we had data. Because the 4a%ta ar<e collected for several years, we can

loow for over-time trends, i.€., we can treat the Pesple's Daily summaries
»

as the equivalent of a respondent to whom oaf returns several times and
whose responses one compares te each cther to assesg the impact of inter-
vening events.h Because the data are collected for several events
clime-es (internaticnal, domestic, and cermonial), we can look for diffe-
rest standard sets of responses on the part of CCP leaders. Deviation
from the "standard" response in a particular event climate alerts us to
the possibility of policy actions different from the ones we have observed
the Chirese to taxe in the past.

Three limitations of the data prepared for analysis should bte =ent

in mind. ¥irst, because oi

strategy, we preparcd only @ smail volume of data for analysis and 46id

not use sawpling criteria which are compatible with customary tests of

» - -

A. Cermonial:; National Day (Sept. Z - through O2t. 5, 1l..l}.
National Day (Scpt. 2o thraugh O2t. 4, 1~ 1} National Day (8eph. ~o
through Ozt. 5, 1%72), Rational Day (Sept. “7 tarough Czt. &, 1%ls),

4 .

liational Day [Sept. 2y tiarough O2t. &, 1 I04Lj.

through 1-, 1), Cease-Cire i 1 through
n Conflict Begine {Qztoher 17 th v, 17#3Y, Test-
1#2-7, Tonel isis (August

”, lf;i), Sino-Indi:
Ban treaty Signed |
through 4, 1%4).

ionai: VWorld Federation of Trade Unzions Meeting in
G Jot

4

{

C. Domestic: Writers Conference Ends YAugust 1l through 17, 1-::),
Ninth Plenum {retreat from the "Great Lezp Forward') Ends ’January lf
through 2, 1¥%1), Third Session of the wnd ilational Pecple nErCE
Erds {April 1% through Z:, 17+ %), Regulations on Political Work in the
Feople's Liberation Army Tesued (har:h 25 through -1, 14-3), Yourng

‘emmunict League Work Ceonference Ends “March o inrough 1., 17%-),
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significance. Second, we analyzed only statements by thc chinese elite,

. not their commitment cf economic or military resourccs. Third, we
analyzed only statemert in putlic Chinese media. Cf course, Chinese elite
~=- or, for that matter, American elite -- statements in public media

. differ frowu what is being said in restricted circulation dccuments. To

further couplicate matters, the Chinese elite sees People's Daily ae a

wiy cf communicating with audiences that matter outeide of as well as
within the People's Republic. These three limitations cannot be ignored.
However, they do not deprive the Jdata of usefulness for generating hypo-
theses and there are feasible ways of relaxing all tiree constraints
{see section 135 of this report). 1In the meantime, we have an accessible
ar:d potentially valid indicator of Chinese elite perspectives on the CPR
and its international relationships, perspectives which the regime is

. anxiouas to inculcate as a basis for policy supposrt in the relatively

srall and important group of citizens who read Pecple's Daily.

1-.+ ATTENTICHN TO PARTS OF IHE INTERNATLONAL SYSTEM
In this annd the next secticn we present and discuss examples of
findirgs. 1In each secticn, we will present, first, a finding from the

data, cecond, hypotheses about the "reasons” for the finding, ard, third,

73

ome of the implications of the finding for U. S. national security. In '

or

oth sections, we will restrict ourscives to attiributes of the full data

Loz}
(e8]

:t, and not compare the different time periods which it contains.
The findings which follow deal with the relative amcunt of attention
which Chinese communications allot to different regions or countries of

the internaticn 1 system. What does amount of attention indicate? Several H

rough rules of inference seem useful. Persistently high attention in

public communications suggests that the subject is seen by the communi-

. cators as important and stable in the role (e.g., "enemy") which it plays
vis-a-vis China. Persistently low attention suggests that the subject is
seen as relatively uaimportant {e.g., Jordan, in the case of our data).

. Marred aud repeated fluctuations in attention suggest that the subject is
ceen as important and unsteble in its behavior ie.g., India, in our data).

Accordingly, the communizsators find that their treatment of that actor must

UL b i o nbnsomaat b i ma sl g ooy WML oty b4
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vary as does thelr policy toward it. Finally, markKed bu%t rare instances
of high attention suggest that the subject in particular is of n¢ special
interest and is being used primarily as an example 1ie.g., the Congo
(Brazzaville) in our dats’. These rules have to be used discriminatingly,
i.e., the coder has to be sensitive to dicscrepancies in the data. One
sort of discrepancy is inattention to one member of a class of objiects
when most of the other members receive a great deal of atteution {e.g.,
the luack of attention irn our data to Thailand relative to other Southeast
Asian rations). Cases of this sort suggest the rule that elites view
their relations with the discrepant class member as too complex and/or
too uncontrellable to warrant sharing their perspectives with the public.

N

1. The deveioping areas of the Middle East, Africa, and Latin

America receive low atterntion. The twe notable exceptions are Algeria

and Cuca. The data supporting this finding are reported in rows 1-C of
Table I. These data suggest the following hypotheses:

--- The Chinese elite views the Middle East, Latin America, and, to
only a slightly lesser extent, Africa as zones of secondary
rather than primary importance.

--- The exceptional inot demonstrated by the data yet read) atten-
tion given to Algeria and Cuha may indicate that the Chinese
elites: {a) limit their public cormitments in the distant
developing areas of revclutions which have already secured
power {there were insurgent, i.e., not incumbent, revolutionary
movements in the relevant geographical areas which did not
receive similar attention); (b) see as stable actors (vis-a-
vis Chinece policy) only Middle Eastern, African, and Latin
American regimes comuitted to eroding the regional influence
of major Western states and to exporting a national liberation
war model; (c) adopt such regimes in order to compensate for
limited Chinese resourcee to intervene in distant parts of the
world and to increase the relevance and local quality of the
liberation war approach to the interrnational system.

I1f thiese hypolheses are valid, two predictions ure warranted. First,

Chinese will not respond in a manner which is expensive for them to
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American derense policies which bLear primarily on the Middle East,

Africa, or latin Amevica. Second, the Chirese will be extremcly

()

t
engitive to U. S. political-military decisions which curtail the

autoncomy of militance c¢f Cuba and Algeris; however, anhy acrion Tefosias

will protably not te in fthat region.

2. Western Europe, the 01d Commonwealth, and Eastern Europe (with

the exceptions of the 1.S.3.R. and Albanian) receive little ettention.

Relevant data appear in rows Y- of Table I. This Tinding impiies the
follewing hypotheses:

-«~ With the exceptions noted, the Chinese eiite views Western
Burope, the 0ld Commonwealth, and Eastern Europe as zones of
secondary raither then trimary importacce.

-~~~ Sirce the inattention doos not vary with current political
alignmernt, i.e., Warsaw Pact or NATO membership, we may be
akble to account for the inuttentio-n by commor attributes such
ss these; (a) distanss Yrew the CPR, (t) industrializatizn
(¢} rno receni experience as Western colony; and {d) Jaucasian
population.

r

We predict thar China will =3Re 10 Tainr respense Lo American

: s

c
nacvional security policies which primariiy stffect Ewrope, tne Europe-

centered alliances or the Cid Corusnwealth couriries. Yor example,
U, S. deployment cf AB4s in Xwope will not intsrsect with, and there-

fore not defend us against, Chinese ctiectives.

We now turn from regions ag subLjsclz of zvtentiorn to particular
countries: what countries are treated as the core clements of the CPR
international system? Table II presents the relevant data. The rows

in the table contain political uaits, primarily couatries, which had:

{a) an attention score of more than a ~.5 standard deviaticn abcve the
mean for at least two weexks; and {b) a mean atter’ion score of more than
a .5 standard deviation above the mean for at least one of our summary
analytic uaite (either a year or an event climate type). The table gives
the number of weeks in which an actor met the first criterion (column A)
and the mean 2 score for each year {(column B-F) and evert climate

{columns G-I).
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%. The most persistently noticed actors in the international

system are China herself wund two countries which the Chinese define

asz "enemies” -- Japen aud the United States. Attention to the Soviet

A

Unjon fluctuates sharply, i.e., is not consistently high. These Tindings

suggest that:

--- The Chinese elite see the relationship between the C.P.R. and
Japan and the U.S. as relatively stable compared to that
between China and the U.8.S.R.

--- The CCP sees Japan as the major Asian competitor with China.

The findings and hypothese lead to two predictions. First, U. S.
rational security planning should anticipate sizeable fluctuations in
Sino-Soviet relations, fluctuations much greater tharn those in Sino-
Amsrican or 3ino-Japanese relations. Second, U. S. planners should
expect that the likelihood that our strategic decisions will lead the
CCP to alter its policies increfses sharply as cur decisions affect
Japan's pslitical-military relationships with the international system,
e.g., aud. 8. ARq jeployment in Japan.

“. The ccre internaticnal system over-represents the traditional
3¢
I

3

cr classic zcnes of Imperial Chinese interest. The current territorial

domains of many of the actors in Table II overlap with the tributary

sphere of Imperial China: lorth Xorea, lorth Vietnam, Laos, U.S.S.R.
h 2 2 wi

India, South Vietnam, Furma, fiepal, and Vi.tnam !unclear zone referenczel.

This Tinding suggests that:
e Chinese eiite accord great importance to the territorial
priorities established by imperial tradition.

--- The presence of an "old geopolitics" models increase the prob-
ability that the CCP is usirg an old model of relationships with
thege areas: that of suzerainty rather than direct rule.

We predict that if the United States implements strategic decisions which
szek to deny Commwiist China the sphere of influence of Imperial China,
these decisions will reaffirm CCP beliefs that we are hostile and will

movilize Chinese Communist strategies to decrease owr general naticnal

security and international position. These slrategies willi not ngces-
sarily be military in nalure, aimed at the same regio nor cxplicitly
connected with these specifically coffending decisions.
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5. In addition %o the majcr competitor and traditicral elements in

the core international system, analysis of the communicationtc data discrimi-

nates four other actors from the wiiverse of nations: (Cuba, Algeria,

Albarnia, and Rumania. Their presence suwgests that:

--- The Chinese elite see as important thouse actors whose policies

fragment the sphere of influence of major competitors. The notion
cf subtracting from the resources of one's competitor by acting
through third parties has many precedents in the tehavior of
states. 7The use of this strategy by Chinese elites, Imperial or
Comnunist, 1s not new; what is new is using the strateg in
territories so distant from the Chinese mainland.

We predict that American actions run counter to Chinese plans as they

increase the cokesicn of either American or Soviet alliarnces and zornes

of influence; our strategic decisions are compatible with Chinese objec-

tives as they erode these international alignmentes.
ls.4 IMAGES OF INTERNATIONAL ACTOKS

This section deals with Chrinese images of several of the actors
which we have determined to te members of the core international system.
To illustrate the use of our comuuticsations data for analysis cf
content of attention, we discuss parts of the images which the Chines

e
n, The

iave ¢f themgselves, Japan, the United States. and the Soviet Unin
relevant data appear in Table III. For the following pairs of terms,

each row in Table III ccntains the nunber of units of the first term in
ratic to one unit of the second term: actions taken to actions received
{row 1}; opposigion received from cther actors to opposition given other

o . .
actors (row 2); support given other actors to support received fromz

~

other actors {row 2); and involvement in cooperative interactions to

involvement in conflictful interactions {row

w}Y., To arrive at the srores
in rows 2, :, and 4, we used the frequency ot actions on each side cf the
dichotomy times their intensity.

C.a. China, relative to the other nations in Table IIl, engages in

equal exchange relaticnships with the exterral environment. 1In other

words, the Chinese Communists receive an amount of opposition egual to
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that which they emit toward the inter:

o

nate an amdunt of support approximately egual to o
a

from the interrational system ‘row -:. This tinding implics these
hypotheses;

toward China.

Tirm"” actor in the

Ath partioular nations. Howsver, they

0 have longrun implicetions for American national security planning.

The [irst or talaznce hypotiesis zuggests that Chinese reactions to an

epend on the relaticnship whic

Q.
=

X

=
198

American strategic decicion wiili sts
h

betweer. China and the total cystem at that time and the effiex

ot

of our

decision on that relationshtip. Accordingly, we increase our ability to

g€ re€gposnac to tha extent that we increagse ouwr under-

tuicrais wl .rout

sider the poseibility that the Chirnese would enter into and abide by

international arrangements: which would involve nu-lecar eguality through

... China, relative to the

i, enguges in
international

it seems

index on which it j¢ harged

sed atove in L.a. Trew Ooand 0. Hows o oand

m
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deal with the direction in which actions flow (agent to target) for
particular aspects of internatior=l relations. Thus row 2 gives us
data on the flow of oppositiornial actions; row 3, of supportive actions.
The index we use to arrive at finding ¢.b. does not distinguish

the direction of action flows. What it does do is compare the
frequercy and intensity of actions in which China and ¢ ..:r natlons,
according to China, are supporting each cther in ratic to Jhe total

set of actions in which China and other nations are opposing each other.
Accordingly, the left-hand cell in row # gives us the units of coopera-
tive interasction in which China is involved for one unit of conflictful
interaction.

The Chinese see themselves as ergaged primarily ir. cooperative
interactions with the interrational system. We can reasonably assume
that Americans see China as engaged primarily in conflictful inter-
actions. There are two possible reascns for this discrepancy. One
is that the Chirese are talking one game and acting cut ancther. The
other is that the Chinese are indeazd more involved in cooperative than
conflictful relationships, but that the actors in these relationships
with China are in conflict with other nations (particularly the United
States) and political movements. In section 13.5 of this report, we
propose a research strategy to test the appropriateness of the first
reason. Here it seems useful to explore some of the implications of
the second. Let us restate a hypothesis based on it.

--- China does not directly enter into conflict with the
international system but cooperates with states and groups
which do engage in direct conflict.

If correct, this hypothesis has extremely important implications for

U. S. policy: American strategies to counter Chinese policies should

be aimed at the parties with which China cooperates rather than basged

on direct conflict with the Feople's Republic. For example, with regard
to ABM deployment, the implication is that defense of the continental U. S.

against Chinese attack is largely irrelevant to probable Chinese actions.
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7.a. Japan, relative to the other nations in Table IIJ, engage in

AL K A N K

- tavorably unequal exchange relationships with the external environment.

Rows 2 and 3 reveal that thz Chinese Communists believe that Japan !
recelves less opposition from than it puts into the international system
and gives out less support to than it receives from the international
system. This finding implies that CCP elites assume the following about
Japan: i
~-- Japanege decision-makers have been and will continue tec try to ;
be successful in relating "unfairly" to the international system. %
To the extent that our hypothesgls is correct, it becomes an important
input to American analyses of Chinese Communist national security esti-
mateg. First, it implies that the Chinese Communists will react with
sozme bitterness, perhaps envy, to American policles which they think
- contribute to Japan's welfare. (This would be a reaction analogous to
that of some European states to American aid to post-World War II Germany.
During World War 1I, of course, Japan was in & relationship to China
analogous to Cerman's relationship to, e.g., Holland or Norway.) Second,
at the same time it implies that Chinese Communists will not anticipate
that American increments to Japan's defense posture will ever be used
. to support American polities -- Japan always "gete more than it puts out."”
Third, it implies a low probability of any significant and lasting
rapprochement between Japan and China. 1If the Chinese Communists feel
that the Japanese are this clever in gecuring one-gided bargains, prob-
ﬁ ably the CCP elites would never accept terms from Japan that the Japanese
' Government would find attractive.
7.b. Japsn, relative to the United States and the Soviet Union,

engages in co-operative rather than confiictful relationships with the

international system. This finding depends on the data in the three
right-hand cells of row 4. It implies that Chinese decision-makers will

- see Japan as lesg likely to be a primary party in a conflict than to
support and receive the support of parties directly involved. Accordingly,

in Japan's defense posture, not for their direct effects on Japanese mili-

tary actions, but for their indirect effects on the ways in which Japan

American analysts should expect that the Chinese will evaluate changes l
!
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helps proxies in conflicts. For example, with regard to ABM deplouy-
ment in Japan, we would expect the Chinese to estimate what difference
this would make in Japanese assistance for anti-Chinese groups in

South and Southeast Asia.

3.a. The United States, relative to the other states in Table 111,

engages in unequal and unrewarc.ng exchange relationships with the

international system. The data in rows 2 and 3 show that the Chinese

Communists think that the United States receives more hostility ‘.om
the internatiocnal system than it puts into it and that it originates
more support for the international system than it receives from it. 1In
other words, thsy feel that the "tide had turned against” the United
States. Given the Communist Chinese ideology, this is not a [articularly
surprising finding. However, Americans still need to confront some very
reasonable implications of this finding. First, the Chinese Communists
will not believe that we can organize a "grand coalition" against them.
This suggests that they will not find us as threatening to them as we
would assume them to find us, given our formal alliance a.rangements
around China. Second, they will see changes in American stratégic pos-~
tures, e€.g., ABM deployment, ac temporary perturbations from our declin-
in international status. Accordingly, they will not feel that they have
to make a major response.

Z.b. The United States, relative to tne other nations in Table III,

engages in primarily conflictful rather than co-operative relationships

with the international system. This findirg derives from comparing the

entries in row 4. This hypothesis is implied:
--- Since the Chinese Communists believe that conflict is endemic in

any social system, this finding does not necessarily imply that
they see the United States as uniquely engaged in conflict. It
does imply that they see the Uaited States as going out and
fighting its own conflicts directly, as opposed to the proxy
method which they and the Japanese use.

If this hypothesis is correct, we should expect that the Chinese Commu-

nists will expect us to oppose other parties directly rather than

through proxies. Since China prefers to carry out conflict through
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proxiez (finding 6.b.), we should expect that the Chinese elites will
try to channel owr confiict behavior against third parties.

G.a. The Soviet Union, relative to the other states in Table I77,

acts on the external environment much more than it is thetarget of actions

from the external environment. The index for this finding (row 1) it one

of direction of action, without regard to its conflict-co-operation ccon-
tent. We hypothesize that what the Chinese Communists are seeing here
is that:

«-- The Soviet Unicn tries to shape the international system to an
extent disproportionate to the international system's actions
toward the Soviet Unlon, i.e., it is an unjustifiably interven-
tionist power.

The implication here is that the Chinese Communists see Soviet activity
in the international systew as a property of, or dispositional to, the
Soviet gystem, not as a response to situations in the international
environment. Accordingly, we should not expect them to try to deal with
the Soviets by moderating their or proxy btehavior which is presumably
provoking to the Soviets.

G.b. Although less than the United States, the Soviet Union engages

more in conflictful than in co-operative relations with the international

system (see row L). Using the same logic as in finding 3.b. about the
United States, we suggest that the Chinese see the Soviet Union as more
likely to go out and fight its own conflints directly than tc use proxies.
Again, since the Communist Chinese prefer to pursue conflict through
proxies, they will try to channel Soviet conflictful activity toward
third parties. Accordingly, we can expect them to examine and exploit
American strategic decisions for their third party potential, i.e., to
see whether strategic decisions we make can be manipulated to make us

China's proxy i. its handling of Soviet conflictful activity.
13.5 FUTURE WORK

The experimental pilot estudy we have been discussing seems suffi-

ciently useful to warrant four research tasks.
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First, the Chinese communications data already prepared for analysis
showld be analyzed for shorter time periods (day by day and week by week).
Such analysis would indicate the extent to which and the manner in which
Chinese communications are responsive to specific events or bound by
fixed conceptions.7 For example, the specific items we aggregated to
get the mean Z scores in Table II can help establish the manner in which
Chinese images of strategic actors vary or are corstant. If we find
interesting forms of variation, we can seek to what extent variation is
explained (accounted for) by differences in international or domestic
event climates.

Second, the strategic system findings derived from one domain of
Chinese behavior (public communications) can be related to findings
based on other sets of actions by China and towards China. Available
data sets include: conflict behavior, trade, aid, diplomatic relations,
and U. N. voting on Peking's a.d:nission.8 This strategy should give us
much more powerful and efficient indicators of China's present and
future national security policy than we have now.

Third, we should expand our usable set of data on Chinese public
communications for the 1333-U4 period and extend it to more recent
years. We can then arrive at more precise relationships, based on
larger N's, and at explicit confidence levels through random sampling.

Fourth, if the third direction is taken, it seems useful tc
prepare for analysis the major body of restricted circulation Chinese
comrunications available in this country, i.e., the People's Libera-
tion Army ''working papers.”g We can compare these with our People's
Daily material to establish the extent to which and the manner in which
Chinese open messages differ or resemble those desgigned for at least one
elite group. The comparison can begin to define the differences and
similarities between the strategic perceptions which the Chinese elite
shares with the public and those it recommends to and debates with the
group which will impiement its military strategies, i.e., the PLA

ofticer corps.

s
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14, RESPONSES OF INFLUENTIALS TO NEGATIVE CONTINGENCIES*

Sue Berryman Bobrow
l4.1 INTRODUCTION

As readers of last year's annual progress reportl will recall,
the obJject of this project is to:
- map quantitatively the system or meanings of appraisa.s
-~ which influential perscons or groups assign to communicsa”ions
- about the possibility of nuclear attack on the United States and
alternative ways of handling this possibility
- so that their decisions about how to treat these communications
can be statistically accounted for by their appraisals of them.
The project is nhow completely organized for collecting the date.
This report is divided into sections that discuss these preparations:
(1) compiling the universe of respondents; (2) localing biographic .
information on all members of the universe; (3) selecting alternative
samples from the universe; (4) constructing, pre-testing, and revising
the mail questionnaire; and (%) constructing, pre-testing, and revising

the manual for the oral interview.
14,2 RESPONDENT UNIVERSE

In sampling theory a universe is a set of objects (in our case,
groups of cccupants of relevant positions within these), defined by
rules of what is included and excluded. The universe from which we
are selenting our sample 1s composed of three populations.

The first was compiled by R. E. Licklider? and includes individuals
who have written in the unclassified literature on nuclear strategy

and disarmament between January, 13uf, and December, 13¢4, and are not

*
This report does nct assume a professional social scientist audience, .
and our presentation and inclusion decisions reflect this.
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employed fulltime and directly by the federal government. Licklider
defined "nuclear strategy and éisarmament" as nuclear weapons policy,
thus excluded subjects such as civil-military relations, cost-effective-
ness, government organization, military history, operations research,
simulation, civil defense, intelligence, and much of the materisl
labeled peace rescarch or contlict theory, "unless work in these areas
was directly and explicitly linked to nuclear weapons policy."
(Licklider, p. 3) 1Individuals who had written on relevant topics
were Included in the sample if they had written: (1) one or more
books, or (2) three or more articles in books, articles in periodicals,
papers reproduced and circulated by a large number of formal organizations
or institutes, or papers at a professional conference-3 We added to
Licklider's population in two ways. First, we extended it from December,
1364, tc July, 1367, for individuals who had written on ballistic
missile defense: since 30 much of the public debate on this system
has occurred since Licklider's 1364 cut-off date, we felt we had to
update the population for this one category. Except for lowering
Licklider's inclusion criteria to one or more books or two or more
articles, we used his same rules. Using his criteria, unmodified, we
also compiled a special sub-population of all individuals who had
written on civil defense from January, 1346, to July, 1367. Readers
of last year's report will realize that this first populaticn includes
all individuals who have publically assumed responsibility for different
aspects of nuclear weapons policy, rather than being mllocated it by
virtue of membership in particular organizations.

The second population is composed of occupants of relevant positions
in relevant federal agencies, as both of these are listed in one
source: United States Government Organization Manual, for the years
1345/46 through 1967/68-h First we judged which agencles have or
have not had central or potential responsibility5 for nuclear weapons

policy and conflict management - for example, the U. S. Arms Control
and Disarmament Agency, Department of Defense, Department of Air
Force (see Appendix 1 for complete list). We included occupants of
all of the following positions within the relevant agencies:

] e

it WL

LA vt SRRl SOOI AL b 1) ot




~o8

(1) positions of general executive responsibility for the agency's
operations (e.g., Secretary of Defense, Director of the Office of
Science and Tecrnology); (”) positions of general executive responsi-
bility for the agency's research and development programs (e.g., Director
of Defense Research and Engineering, Director of Advanced Research
Projects Agency); (3) positions of general executive responsibility for
research and development of & major strategic system (e.g., Director

of Project Defender); and (&) positions of general executive
responsibility for the agency's planning (e.g., Chairman of the Policy
Planning Council of the State Department). These positions were
selected because they were assumed to be crucial either in the actual
policy-making for the agency (type 1 positions) or in determining the
policy alternatives available to the agency (type 2, 3, and k positions).
In complling this population, we had problems, not of missing, but of
uncertain data: (1) the titles and organization of these four functions
in the different agencies changed over time; (2) the functional descrip-

tions for major positions in the Government Organization Manual were

usually vague; and (3) the number of positions included in the Manual
for each agency fluctuated over time. Although these problems did not
affect compiling type 1 positions and affected type 2 positions only
marginally, they did affect recording the type 3 and L4 positions. 1In
the case of the type Z and 3 positions, we were able to eliminate the
first two data problems by checking our judgement ageinst the Federal
Organization for Scientific Activities, 13(2 (NSF62-37), Organization
of the Federal Government for Scientific Activities, 135¢ (NSF56-17),

and Advisory and Coordinating Mechanism for Research and Development
1956-57 (NSF57-13). These documents are all compiled by the National

Science Fcundation, and classify groups within the federal agencies

according to whether they are not engaged in, partially engaged in,
primarily engaged in, or part-time advisory groups for scientific
activities. We were unable to eliminate the first two data problems

for the type 4 position. We were unable to control the third data

problem for any of the four position types.
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The third population is composed of advisory groups (see Appendix II
for complete list). We used four criteria in selecting these groups:
(1) the majority of the group are not direct employees of the federal

government; () the group is part-time or is specifically

convened to prepare a study of a problem, short-term; (3} it is officially

advisory to and financed by one of the agencies listed in Appendix 1
or relevant positions within the agency; ard (4) it has primarily a
scientific or analytic, rather than a political legitimation, function.
The third criterion has particularly important implications, since it
excludes privately-financed study groups (e.g., the national security

part of the American at Mid-Century Series, financed by the Rockefeller

Brothers Fund) and the govermment-financed groups which advise at state
and local levels (e.g., the group which prepared what has become known
as the Ruebhausen Report for the New York Governor's Office). We
included members of these advisory groups for as long as each group

has been in existence between January, 1346, and July, 13t/. For
example, the General Advisory Committee to the AEC has been in existence
since 1346; the Defense Science Board, advisory to the Directer of
Defense Research and Engineering, was only convened in 1356; the
Geither Committee, Project East River, and the National Academy of
Sciences Project Harbor Study were convened for specific studies and
disbanded when they concluded their reports. The dava prevlems for

the advisory population are missing deta problems, particularly for

the very influential President's Science Advisory Committee panels

on various aspects of nuclear weapons policy. We know the membership
of some panels for the years when PSAC was considerably more active

in nuclear weapons policy than it is today. However, we do not know
the relationship of these panels to the total universe of relevant

PSAC sub-committees.

14.3 BIOGRAPHIC DATA

After the universe had been compiled, we tried to prepsre a card

of blographic information for each member of three populations-6
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An example of such a card is:

Weinberg, A. M.

WEINSERA. Alvia Barthe. wiyyieist: born M.
Apr 30 1915, 5. J L ond Bman (Leviwes) W
AR U Cuge. 16N AI o MDD, 1
Decter of Laws, University of Ohaitanonga: mamied
Margaret Douwu June 14, 1940; ehildren-—David,

Sesbrsics U O .

reet.).
‘iuclw a« (pres lﬂub Home: 11t I-yln
Lam P.0 Be: P, Osk Rige. Twm.

This preocess yielded our operational universe for the time our
bilographic sources were published, i.e., a universe of individuals
who were alive, were not currently fulltime and direct employees of
the federal government, and could be located. It also gave us the

data to select our sample.

14.4 SELECTING THE SAMPLE

The exact size of the sample will depend on the resources
available to the study. If more resources are available, we will
Work with & sample size of approximately 50 individuals. These
individuals will be given both the mail questionnaire and an intensive,
three-hour, taped personal interview. If we have fewer resources, we
will work with a considerably larger sample (perhaps 1,000) and send
out only the mail questionnaire. The mail questionnaire will allow
us to descrite how each individual pei:ceives nuclear weapons problems
and to ccmpare his perceptions with those of other members of the
saemple. However, we have to depend on personal interview data to
account for variations in these perceptions - ‘.e., to isolate the
effects of personality, organizational membership, and sub-culture
membership on individual perceptions. For exaiiple, assume that Dr. Y
consistently sees international co-operation policies as more

effective in managing nuclear threats to the nation than building up




1t v O T

271

assured destruction forces. What accounts for this preference?
Is it personal habit, i.e., Dr. Y's customary way of handling all
inter-perscnal and inter-group conflict? (This basis approach to
human affairs could derive from being raised in a family that used
this model successfully - for example, valued "enlightenment" as a
way of resolving conflict and established an emotional atmosphere
sufficiently positive to allow the family to absorb a negative
episode as a temporary deviation from a positive norm.) Another
personality explanation might be that Dr. Y feels ineffective as a
human being in dealing with threats and can only try to "plead" his
way out of a dangerous situation. Or are his pr-Terences best
accounted for by past organizational membership, e.g., by the fact
that he was a member of the State Department, whose policies have
traditionally been in the realm of international cooperation and
communication? Or can his preferences be expiained by his moembership
in & behavioral science sub-culture and consequently by his greater %
kaowledge and imagination about what can be done with group and ’
inter-group social institutions? These are cbviously grossly different
branches in explanation. They have grossly different implications for
how one evaluates Dr. Y's recommendations and for the type of social
engineering required to achieve certain policies.

Regardless of the final size of the sample. we intend to select a
stratified sample. Very simply, a stratified sample is composed cf
suc-parts (strata), each of which is internally homogeneous with respect
to some criterion. Operationally, the universe is divided into strata :
eccording to pre-determined criteria and a certain percent of individuals %
selected from each stratum. The criteria or partitions we are using
are: (1) nature of responsibility (assumed; centrsl - e.g., relevant
members of the Federal Civil Defense Administration, National Academy
of Sciences Advisory Committee on Civil Defense, Project Defender in
ARPA, Office of Emergency Planning; potential); (2) discipline
(relations between objects - e.g., physical sciences, engineering,

operations research, mathematics; relations between people - e.g.,
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behavioral sciences, law, history); (3) generation {individuals 25
years and older in August, 1945, individuals 24 years and younger in

August, 1745); and (4) career {professional; military; civilian).
14.5 MAIL QUESTIONNAIRE

After constructing a useful draft of the questionnaire’ we
pre-tested it with 14 individuals at ORNL. Since the universe is a

highly specialized one, we did not use the pre-test to devise

statistically valid and independent items. We used it in the way one
"de-bugs" a computer program - for example, determining which questions
seemed redundant to respondents, which had confusing instructions
(either in the sense of respondents not knowing what to do or doing
something we did not want them to do), and which bored them. The
pre-test group consisgted of four soclal scientists and ten physical
scientists and engineers. All fourteen had had research or
administrative experiences relevant to nuclear weapons problems; and »
five had extensive knowledze about these problems. Four were in ©
administrative positicns, and one of these had some contact with
the environment in which national security policy choices are made.
Personalities of the group varied in terms of the balance of positive
and negative emotion, the nature of the dominant emotions, and the
willingness to express emoticn.

The questiornaire was revised in terms of the pre-test results
and the response categories formated for computer key-punching. The
final questionnaire is 57 questions loi., and 20 of these 57 are

multi-item questions. Appendix III has examples of the questions.
lia.¢& PERSONAL INTERVIEW

As we indicated in the section on sampling, the point of the
personal interview is to collect dats that will let us account for
variations in respondent reacticns to nuclear weapons policies. The

interview is based on an approximately L5 page interview manual and two
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sets of pictures. The manual consists of seven batteries of questions,
appropriate probes for each hattery, and a brief statement for the
interviewer of the theoretical point of each question or set of
questions. The questions are all open-ended, i.e., the respondent

is not restricted to a limited number of alternative responses

between which he must choose. Before data of this kind can be
analyzed, they have to be coded in terms of variables derived out

of the interviews. This is a tedious process. However, we had to
resort to open-ended questions for these reasons: (1) in some cases,
we could not anticipate what the respondent might reply to a question -
in other words, we could not compile a reasonably complete set of
responses from which the subject could chocse; and (2) in other cases,
even if we could anticipate the set of "first-round" responses, we
wanted to use the subject's iuitial response to inquire more deeply
into the subject. This situation represents an increasingly complex
branching tree and it is absurd and probably impossible to anticipate
the details of the different turns the respondent might make.

The seven batteries of the questions are about: (1) the interaction
between post-World War II nuclear weapons policy and the individual's
professional activities (history); (2) what the individual anticipates
will be the interaction between future nuclear weapcns policy and his
future professional activities; (3) the individual's appraisal of the
social implications of the interaction between nuclear weapons policy
and his profession; (L) the individual's religious or philosophical
beliefs; (5) the deprivations which the individual has suffered;

(6) a set of pictures which should indicate the subject's ability to
express pleasure and positive emotion; and (7) a set of pictures

of the human effects of nuclear weapons.

Excerpts from the personal interview manual are listed in
Appendix IV.
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APPENDIX I: FEDERAL AGENCIES INCLUDED IN POPULATION #2*%

Executive Office of the President

Department of State

Department of Defense

Department of the Navy

Department of the Alr Force )
Department of the Army

Defense Atomic Support Agency

U. S. Arms Control and Disarmament Agency

Atomic Energy Commission

* This is a list of just first-order divisions in the Executive Branch,
members of which were included in the population. For example, under
the Executive Office of the President alone, we picked up position
occupants in these groups: Office of Science and Technology, Office

of' Emergency rlanning, Office of Defense Mobilization, Federal Civil
Defense Administration, Office for Emergency Management, National
Security Resources Board, Office of Civilian and Defense Mobilization,
and white House Special Assistants for Netional Security Affeirs and
Scientific Affairs. Another example 1s the Department of Defense:
Office of the Director of Defense Research and Engineering (and under
this office, Weapons Systems Evaluation Group, Advanced Research Projects
Agency), Office of the Assistant Secretary of Defense for International
Security Affairs, Office of the Assistant Secretary of Defense for
Systems Analysis, Office of the Assistant Secretary {comptroller) from
1961/62 - 1965/66, Joint Chiefs of Staff, and Staff to the Joint
Chlefs.
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APPENDIX II: ADVISORY GROUPS INCLUDED IN POPULATION #3

Officials of the National Academy of Sciences - National Research Council
Officiels of the Nationgl Academy of Engineering

Executive Board of the National Academy of Sciences - National Research
Council

National Academy of Sciences Advisory Committee on Civil Defense
National Research Council Disssgter Research Group

National Academy of Sciences-National Research Council Froject Harbor
Study

Project East River

Gaither Committee

Defense Science Board

Project Jason

Naval Research Advisory Committee

Alr Force Scientific Advisory Board

Army Scientific Advisory Panel

Research and Development Roard for the Department of Defense
Science Advisory Committee of the Office of Defense Mobilization
Advisory Council of the Office of Emergency Management

National Defense Research Committee of the Office of Emergency Management
President's Science Advisory Committee

President's Science Advisory Committee panels on offensive and defensive
weapons systems

General Advisory Committee to the Atomic Energy Commission

R R

SERPYN

.

L T R R T

|
|
|




T YT

276

Begin Deck .

-
Wlewy
APPENDDY IIT: EXCERPTS FRM THE MAIL QUESTIONMAIFE
Example 1
-
i. Felow & a list of quotatlons, some of which ycu may recogrnize. .
They re; vesent thoughts about the persistent problems of war ana
peace an. abcut the security relationship of our nation to other
nations. llease indicate how much you agree or disagree with
each quotation by circling the appropriste number on the scale
below it.
"We, born to freedow. and telieving in freedom, are willing to figiit to
maintain freedom. Wwe would rather die on our feet than live on our knees."
i i S - — b d p— |
— T — 1 M LJ s 1
-2 -2 -1 ~ +1 +° +3
5/1.7 I'isagree Disagree Niisagree Z.-ually Agree Agree Agree
strongly moderately siightly agree and slightly moderately strongly
disagree
"Strength lies riot in defernse, but in attack.”
(- - 1 & y - e J L4
L T B v v L 1
-3 -2 -1 o] +1 +2 +3
/17 Disagree Agree
strongly strongly
"In this country we have come to rely upon a comfortabie time lag of fifty -
vears or a century intervening between the percertlor that something ought -
to be dene and a sericus attempt to do it.”
[ 4 Iy + - i d
r aj T T ¥ N 4
-3 - ~1 +1 +2 +3
T/l Cisagree Agree
strengly strongly .
"There never was a good war or a bad fpeace.'
& R $ 4 i - d
t +- —+ + +- ~+- )
-2 - -1 w +1 + 45
[0 I'isagree Agree
SLrong&ly strongly
“"Fuma!. history becomes more and more a race between education and
catastrophe.”
- + + —~ —} —— —
-5 - - L +3 40 +
/17 Disagree Agree
strongiy strongly
"The only limit tc cur reaiization of tomorrow will be cur doubts of today."
-~ —_— ' " N I gy
r T - T L 1) 1
=3 - -1 v +1 +> +3
1o 1e7 leagree Agree
strongly strongly .
ecceesacateacraaeean e mecemecemame—ecmm————n eemmmeaceecaa—an eemmcmecmemrcm———= o
{continued on next page)
*
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1. (cont.)
"There has never been any country at every moment &0 virtuous and sc
wise that it has not sometimes needed to be saved .rom itself."

L 1 Ji ] i — 4
A\ AJ LI T 1 B 1
-3 - -1 " +1 0 +:
11/1-7 Disagree [isagree Disagree Equa.ly Agree Agree Agree
strongly moderately slightly agree and lightly moderately strongly
disagree
"Allegiance requires an enemy."
fu— -+ d 1 ~1 3 d
| o T L] L — L v 1
-3 -2 L3 1 € +1 + +3
12/1-7 Disagree Agree
strongly strongly

"Mankind has grown strong in eternal struggles, and it will only perish
through eternal peace."

[ —— 4 4 3} —_— —
L R T Al T A g
-3 2 -1 C +1 0 *}
13/1-7 Disagree Agree
strongly strongly

"Perfectionism, no less than militant enemies, may obstruct the raths to
international peace.”

— + + 4 —+— + —4
-2 - -1 0 +1 +0 +3
1u4/1-7 Disagree Agree
strongly strorgly
"When you see someorie poised to strike, you do not wait until he has
struck before you crusk him."
b —t +- +— —~+ 4+~ —4
-3 -0 -1 ¢ +1 +> +1
15/1-7 Disagree Agree
strongly strongly
"The dangers of the world are extremely grave, and tc achieve even &
tolerable amount of safety and security takes ceaselegs effort and concern.”
— 4 + +— —t--— + —
-3 = -1 ¢ +1 2 +3
16/1-7 Disugree Agree
strongly strongly
"The more extortions thus cheerfully accepted, the more unjustified coes
1t geem to people finally to set about defending themselves."”
F —t + { ~+ + —
-3 -2 -1 © +1 +0 +2
17/1-7 Disagree Agree
strongly strongly

NOTE: THERE ARE 2 MORE ITEMS TO THIS {UESTION WHICH ARE NOT INCLUDED HERE.
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bxample .
[EN yor just a momert, try te¢ imagine your yersonal situation at the time
of a ruclear attack or the United States. As you think about this,
are there any possible circumstances that particularly frighten you, °
or that you particularly dremd? Thie is a juestion not about what ¢
you think are your most probable personal circumstancea, but about
what you arec most afraid they wi'l be. As you can see below, Decple
like you have answered thi:c jucstion in various ways. By circling
a number to the right of each quote, could you please indicate how
much you share that person's reaction’
—t—t——t———t——
) "What I'm most afrald of is 1 o 3 - b € ;
[O72TN getting trapped cr crushed by Don't share Share
a frightened crowd of people.” at all greatly
"This may scund funny to you, b 1 1 } t + -
[EU ST but 1 suppcse what frightens me 1 o 2 4 Y o 7
the most is what I would be Tior't share Share
forced tu realize about human at all greatly .
veings and what they can do to
each other."
“Although 1 may be afraid of t } % + } +——
(SR T sime perscnal clroumstaince, the 1 = 3 “ B t E -
ioportant thing tc me atout a Ion't share Share
ruciear attack is nol fear but at all greatly *
tre jroblems that have to te
salved. 1 TR UR | 4 " J
4 T T T T L -
"when 1 think about this, what 1 o 3 - 5 « T
- scares Te the most 1s the fear, Tor't share Share M
maybe the terror 1 think 1'm at ali greatly
going to feel at that time." L { . . L B
T T t T 1 L =1
"fhe thing I dread is a feeilng 2 ki " . L N
v 1= of heiricssness, of ineffective- Don't sikare Srare
ress."” at ali greatly
"hy far the mcst frightening — —+ } { } —q
Tl rossibility te me is not being i K N 5 & 7
atle tc get to the people 1 Don't shar Share
love -- being cut off fron at all greatly
tren.”
"What scares me is the possibility ¢t 1 —+ + } {’ 2
T1.1-0 of Yeing caught i1 a zone where 1 N 3 4 5 [ 7
I won't te Killed, bu* will tbe Ton't share Share
tadly injured, or trapped in at ali greatly
detris or surrounded ty fire." .
L]
{corntinued or. next page;
L4
-
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Uy .cont.j

A b —— ]
"Jrat trightens me 45 not 1 h 3 - 3 « !

. Cul. having encugh warrirg time to :on't share share }
. get anyplace that migtt be at all greatly : i
safe.” - ‘

“srat 1 dread is hLaving to face : i

i up 1o what this is goi'ﬁg to mear g :

for the children -- [ don't ; 3
mear: just my own children. These [on't share shrre
are the ones who still have so at alil greatly
Tull, iive ahead of tuem.”

“here may Le no qudle here that Jdesurives what frighters you the most -- for
example, its bteing dark or your beirg asieep &% the time of attack. If
there is no appropriste guote, would you please write orne that wouid
descrite your reaction?

[
F}
“u
'
1 h 0t L i i i bbbtk

R

@l

rxample 1

N I1f the United States were tO be attacked with nuclesr weapons for the

- reason ycu rated most likely in juestion -, how much distance dc you
+hink there would he between you and the detoratinn closest to you'l

Flease check that distance listed below which s ¢lzsest to what you

toink the distahie wouid te.

PRI o,

3
E
- 4’
.
. O
A very
¥ great
L. - €5 aistarce
P
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i
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Exatple «
D Abcut how much time do you think there is between you and a nuclear
attack on the United Statesi Ttlease check the tox below that

represents Lhe most probable amount of time you think you have. *
Less than 5 years
5 years
Soorn irn your lifetime -- about 1lu vears .
At the end of your naturai lifetime
-
.
In your chiliren's, tut nct your lifetime
Ir ycur grandchildren's, but rot your children's lifetimes |
In your great grandchildren's, but not your grardchildren's lifetimes
wiil never hapren
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Rash

5210717

11-26/1-7

17-72)1-7
238717

29-34,147

oy

3eny/ 1Y
wles5/1-7

L7857 /17

Dull

Difficult

Tamediate
Payoff

Desirable
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Exauple 5

Relow are 1 alternative ways of handling the threat of nuclear attiack

or. this country and 7 paire of adjectives for describing these alternatives.
By using the numbers whick preface the 1 alternatives, how would you
relate them to each other in terms of each descriptive pair? You can put
as many numbers ag you want intc s cell for "box"; within the row. Ycou

can algo leave a cell empty if you wish.

For example, suppose you were rating the l¢ alternatives according to the
third pair of adjectives -- "Rash-Cautious." You rmight end up arranging
the 1C alternatives in this patternt

10, 5,6,
2;9 4’(’3 ,7 / 9

Cautious

Very Moderately Slightly FEqually Slightly Moderately Very

Tris would zean, for example, that you think #° (pre-emptive attack) and
#£ (unilateral disarmament by the U.S.) are very rash, equally so, and wzore
rash than any of the other alternatives. You do not think any of the
alternatives are very cautious. It cetera.

(1) civil defense

(2) pre-emptive attack posture

(3) exchange of hostages

(4) dinspected, multi-lateral srms control srd disarmament
{5} “people to people" programs

(v} active homelarnd defense

{7) <developing areas of inter-deperndence

(&) unilateras disarmament by the U.S.

{J) armed deterrence

Iamoral

YVery Moderately Slightly Equally Slightly Moderately Very

Ctallerging
very Moderately Slightly Equally Slightly Moderately Very

Cautious

|

Very VModerately Slightly Equally Slightly Moderately very

Easy

Very Moderately Slightly Equally Slightly Moderately Very

Delayed peyoff

Very Moderately Slightly Fqually Slightly Moderately Very

Undegirable

Very Moderately Slightly Equally Slightly Moderately Very
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APPENDIX IV: EXCERPIS FROM TH: PERSONAL INTERVIEW

Exsmple 1

(Hote: Guestions in Part I are about aspects of the individual's work on a
seiected national security rroblem, preferably a continental defense
problem 1f he ever worked extensively in the area.)

Part 1

B5. (Interviewer: 1listen for self-reports of ccntroversy in which subject
was involved when he worked on the problem. If he mentions any instances
of interpersonal confliict, use the probes listed below. If he has not
mentioned any such instances, ask;

When you were working on {problem subiect selected), did you
run into any situation where - initiaslly, at least - others
seriously disagreed with you about how something should be done?

If subje -t says yes, get a description of these situations and go to
the folloving protes. If ne says no, drop the subject until item .)

Probes: .

- Who disagreed with you? Was this peraon (these persons) a superior
of yours? A subordinate? (i.e., determine power relationships
between contestants)

- What was your view on this question? What was his (theirs)? (Probe
particularly for: problem-solving strategy if subject defines it as
a technical problem; political strategy if sublect defines it as a
political problem.)

- What in his (their) argument were you objecting to? What was he
(were they) cbjecting to in yours? (Probe particularly for:
problem-sclving strategy if subject defines the conflict as technical;
political strategy if the subject defines the conflict as political;
confidenre in self; confidence in others; confidence in events/processes;
ego-defensiveness; rage.)

- How 1.d this cuaflic! get resolved? (Probe particularly for political
strategy; rage; hostility; love; handling of power.)

- Do you still feel he was (they were) misguided in his {their) stance?
(Probe particularly for: dogmatism; confidence in others; ego -} fensiveness;
hostility; love.)

- Did you change your views at all as a result of the conflict? If so,
how? (Probe particularly for: dogmatism; confidence in self; ego- .
defensiveness.) .

~ If this conflict had been resolved in a way very disturbing to you, what
do you think you would have done? (Probe psrticularly for marketability,
i.e., subject's perceived freedem of professional movement and subject's
willingness to exercise whatever freedom he thinks he has.) .
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Example 1 (cont.)
°. - Have you evolved any general rules or procedures for bhandling f %
conflicts or disagreements like this? (Probe for: politicel . :
strategy; handling cf power.) |
!
. Example O
(Note: This cxample is taken from a battery of questions, all of which
follow from this initial question: You have probably had young men and
women come to you for advice about their future careers. If a yo
man came to you and asked you about going into (strategic analysis, if
that is the respondent’'s field; or, the national security side -7
respondent's field), what do you think you would say to him? Would
you encourage him?)
Part III
A3. (Interviewer: respondent may have talked in some detail about his
. preferred allocation < resources in his discussion of the last <
question. If not, ax.:)
As we both know, the basis on which funds are allocated can vary, . ]
" according to . . . oh, the defense problem being considered or the B
. organization within which you work. In advising this young man, what
fund allocation arrangement would you encourage him to find, if he can?
On this card we have listed different funding arrangements. To what
. extent would you advise him to seek each of these? (Hand respondent
Card A.) :
(Interviewer: this question is the key one for member type.) f
©
CARD A :

1. "Resources should be allocated on th2 basis of the record of the
organi.zations and departments whic.. seek them."

Iy

2. "The best thing is to find the most crucial problem and then really
pour the money into it!"

3. "It's best to give funds to the really bright people, because no
R matter what they do, they'll do something good for you."
b "Even 1if the work is good, it's just not worth funding controversial
stuff."” g
s
. 5.  "Resources are scarce. Accordingly, the responsible course is to H
. think about the whole range of domestic and defense benefits which i

different uses promise to yield, and to fund on that basis."




Example 3
Part III

c. The members of most professions are exposed to impressions which
persons outside of their profession have of them. For example,

psychiatrists are sometimes told that they went into psychiatry
because they themselves are sick. Since President Eisenhower's
farewell warning to the American people about the misuse of power
by military, armaments industry, and sclentific-technological
elite, we've heerd many different views of persons concerned with
strategic and weapons analysis. You might look at some of

the more common ones on this card. (Hand respondent Card C.)

CARD C
1. "In the nuclear era, it is an obligation to work on the vital
problems of national security. The men who do so are socially
responsible.”
2. "People go into defense research and analysis for the buck. If

there's money in the project, whatever it is, they'll do it."

2. "These people are intent on advancing the frontiers of knowledge
and are making responsible use of opportunities to do so."

L., "They are callous about human suffering and are sometimes even
attracted to mass destrvction.”

5. "At best they are Eichmanns - they follow orders without considering
the consequences of their work."

(After respondent has a chance to read the card, ask:) Do you
think any views on that card are valid?

{If respondent says none of these, ask:) In what ways dc you think
(1, 2, 3, 4, 5) is invalid, or incorrect? (Interviewer: as he
talks about each item on the card, ask:) HKow widely shared do you
think this view is? What kinds of people do you think would

voice such a view?

(If respondent says yes, ask:) Which ones do you think are valid?
Why do you think so? How widely shared do you think each of them

is? What kinds of people make the statements you selected as correct?
Tfiierviewer: unless respondent has selected all five items on the
card, ask:) You didn't mention # . Do you think that remark

{those remarks] is (are] not valid? (Tf yes, ask:) Why aren't

t" . _Do you think they are widely shared? What xinds of peocple

me . remarks like these?




mrem

R R

R e

s g

285

(Interviewer: use the respondent's reactions to the items on

Card C for getting at the respondent's: primary moral orientation;
ego-defensiveness; anxiety; hostility; guilt; rage; love; dogmatism;
moral confidence in self, others, events/processes.)

(Interviewer: 1if you can't get the respondent to react to the card,
you might try one of the following probes to get at the variables
Just listed:)

Other defense experts with whom we have tslked have told us that
their old classmates and children have attacked them for their
work. Has this ever happened to you?

Some physical scientists say they will only work in "peace labs"

and some social scientists describe their work as 'peace research.'
What does the use of these labels signify to you? Would you describe
your work in terms anything like these?

Example 4

To the interviewer: the basic variables we are trying to measure with

Form A and Form B of the religious/philosophical belief guestlons are
these:

1. confidence in the self: the morality of one's action, the
predictability of one's action, and the effectiveness of one's
action.

2. confidence in others: the morality of others' actions; the
predictability of others' actions; and the effectiveness of
others' actions.

3. confidence in events, processes, states: morality of system
outputs (good, bad, neutral); predictabjlity of system outputs;
alterability of system outputs.

Use Form A for those who on the mail questionnaire felt that religion
played a slight to great part in their lives (i.e., if they circled
2, 3, 4, or 5 in question 35b). Use Form B for those who marked 1

in question 35b (i.e., religion plays nc pert in their lives).

FORM B

I noticed on your mail guestionnaire that you do not feel that religion

Plays & part in your life. However, you probably have fome philosophical
or ethical views about the nature of the world, of man, and so forth.

s by o eitts
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1. For example, how do you feel about man's basic nature? Do
you think that man is baslcally evil in nature?

YES (If P does) Do you think he is then capable of becoming good,
or do you think that he is evil throughout his lifs on earth
and can only try to keep himself from acting as his nature
would dictate?

NO (If P does not think that man's nature is basically evii. Do
you think he is bagically good in nature, and simply ne:us

help in realizirg his basic nature? Or do you feel that man's

nature is neutral ~- in other words, that he is capable

of both good and evil, depending cn the circumstances? (If P

thinks that man's nature is basical'y neutral, might try to

probe for nature of circumstances that "cauvse" a person to

act one way or the cther.)

2. What do you feel about the world? Do you think the world is
basically a bad place?

YES (If he does think the world is basically bad) 1Is it predictably
bad, or just sometimes bad? Are there any ways we can affect
it and make it better?

%0 (If he does not think the world is basically bad) Is it
basically good? Or just neutral?

GOOD (thinks world basically good) What causes things to happen
that are not good? Are there ways of affecting these causes?

NEUTRAL  (thinks world basically neutral) What do you mean by
neutral? Do you mean that things happen in the world that
are sometimes good and sometimes bagd?

YES What is responsible for the good things? The bad ones?
What can we people do tc assure the good ones? Change
the bad ones?

[t
(&}

Do you mean that things that happen in the world are not
to be explained or described ir. "moral” terms, like
“good” and "bad"?

I.'

2, Lo you think that death ends everything for a person?

KO (If F does not think death ends everything) What do you think
happens to a person after death? Would people who had tried
to live a good 1life be rewarded in some way? Would people who
had led a bad life te punished?
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YES (If P thinks death ends everything) Do you think people,
after their deaths, "continue" in any way? (probe for various
Timmortality  ideas -- children, nature, man's works, e.g.,
court decisions for a Judge)

4. Do you think that the world will come to »n end someday?

YES (If P does think 1t will) How do you think this will happen?
Will it be mpocalyptic in nature, in other words, sudden,
violent?

9. Do you think that suffering is inevitable?

YES (If P thinks it is inevitable) For all people? Why is it
inevitable? 1Is there anything we can do to affect it? Are
Just_some kinds of suf”ering inevitable?

NO (If P does not think suffering is inevitatle) In what ways

is it not inevitable?

[Instruction to interviewer: Question € is reamlly a transition question
between the religious-philosophical beliefs and suffering history. It
might be asked elsewhere to better effect, but I don't think it should

be asked in the course of eliciting the suffering history. This question
attempts to measure the respondent's compassion for human beings outside
of those for whom we would most expect him to have compassion.]

6. While we are on the philosorhical question of suffering --
when you see & human bejng who has been hurt, what is your
very first impulse? I don't mean, what you actually end up

doing about it, but what is the very first thing you want
to do about it?

FALLBACK {(Interviewer: vuse the following probes only if you aren't

PROBES getting any response.)
FOR &

Well, for example, is your first reaction to get competent
medical help?

Do you want to turn away?

Do you want to run over to the person, although you aren't sure
what you would do once you got there?

Do you feel you ghouldn't interfere?

e
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FALLBACK

GQUESTION

FOR ©

(Interviewer: 1if you aren't happy with the responses to the

last question, you might ctry the next one.)

Eave you ever run over an animal in the road?

(If P has; How did you feel? Did this bother you particularly,
or did you feel that there was nothing you could have done to
prevent this without endarigering other people's lives?

(If P hasn't) When you see an animel that has been run over
in the road, how do you feel? (If P feels badly) Are you
ashamed of this feeling in any way? (If P does not feel badly)

Why is this?
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li.7 REFERENCES

Annual Progress Report, Civil Defense Research Project, March 1306(-
March 1307, ORNL-L1Z4, Part I, Oak Ridge National Latoratory, p. 2.

Dr. R. E. Licklider used this population in his Ph.D. dissertation,
"The Private Nuclear Strategists," presented to the Department

of Pclitical Science, Yale University. in January, 1308. We would
like to thank him for his generosity in sharing his population
with us.

Dr. Licklider soclicited publication lists from an enormous number
of academic, non-profit, and profit research organizations and
"cause" organizations (e.g., SANE, Physicians for Sccial Responsi-
bility, Women's International League for Peace and Freedom).

The United States Government Organization Manual is revised annually
by the Office of the Federal Register, National Archives and
Records Service, General Services Administration in Washington, D. C.

By having central responsibility, we mean that one of the main
points of the agency is to work on that problem. For example,

ARPA has had a central responsibility for the ballistic missile
defense prcblem. By "having potential responsibility" for a
particular sclution, we mean that an agency has been allocated

a central respornsitility within which that sclution can be expected
tc fall. This does not mean that the agency will recessarily
decide to implement their central responsibility by pursuing that
solution. For example, the Defense Department has been allocated
a central respensibility for the nation's defense, but they can
implement this in a variety of ways. Readers of last year's report
will notice that we have omitted agencies which have peripheral
national security responsibilities, such as the Department of
Agriculture. We made this decision because peripherally
responsible agencies are not central in deciding what national
security policies the country should pursue. The relevant
questions for agencies of this sort is why and how they implement
or do not implement aspects of the total responsibility which

are assigned to them after the basic policy decisions are made.

Our primary biographic sources were: Who Was Who, Who's Who, and
American Men of Science.

K. E. Davis of the Psychology Department of the University of
Coclorndo, P. T. Knoepfler, psychistrist, of Salt Laske City, and
D. B. Bobrow and T. H. Atkinson of ORNL, helped particularly in
working out the pre-test version of the gquestionnaire. D. B.
Bobrow, T. H. Atkinson, and N. E. Cutler helped particularly with
the final version of the questionnaire.
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15. PUBLIC RESPONSKS DUKING AN TITERNATIONAL CRISIS

Tom Atkinson

Investigations of public opinion towsrd various national and
personal civil defense postures have generally been of twe types:
{a) mnalyses of single samples of respondents to determine the extent
of support for these postures and/or the correlates of that support,
and (b) trend studies comparing the respcnse frequencies from several
samples drawr. at different times. In this latter case, the samples
are usually drawn at widely separated (at least one year) points in
time {Netnevajsa, 1Jus, 1Jut, 1367; Coleman 1307). While both types
of studies have been rhelpful in establishing general propositions about
civil defense attitudes and behaviocr, they have failed to cast much *
light on a central question facing policy formulators: '"What steps
can the American public be expected to take to protect itself during an
international crisis which may escalate into a nuclear war?" This .
report is an attempt to answer that question through an analysis of
public opinion changes during the confrontation tetween the Urited
States and the Soviet Union over Berlin in 13¢1.
The importance cf understanding public reactiors during c¢risis
periods is magrnified by the following factors:
(1) civilian protection in case of attack is currently largely
dependent on the public's own capacity to protect itself
since municipal, state, and federal civil defense programs
are small.
(7} acceptance by the general public of civil defense precautionary
measures us an ongoing part of their lives has been minimal;
however, widespread acceptance of protective measures might
be acquired during a crisis but before an attack; .
(3 it is generally agreed, at lease among planners, that a

nucliear attack will result from crisis escalation rather than

*

be a crneak attiack. .

These considerations indicate the necessity of an edequate understanding

e S —
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of public responses in c¢risis situations in both pre- and post-attack
. planning.
The 1961 Berlin confrontation was chosen as the case for analysis
for the following reasons:
. (1) It was a direct confrontation between the Soviet Union and
the United States with both sides possessing, or believed
to be possessing, massive delivery and degtruction capabilities.
{2) The confrontation itself extended over & period of approximately
six months (June through November) allowing adequate time for
public reaction.
(3) The citizen was primarily responsible for his own and his
family protection in case of attack.
During this period, the Kennedy administration placed a heavy

.,.,__.q,._
~~
=
~—

. emphasis on civil defense in general and specifically on
private protective measures such as home shelters and stock-
piling food.

: The June-November period of 1961 has been shown to be an extremely high

tension period by both Withey (1962) and Popkin (1966). With public
attention focused on the Berlin Crisis and on private civil defense

measures, that perlod provides an excellent opportunity for the analysis
‘ of changes in civil defense attitudes and behavior.

i 15.1 METHODCOLOGY

The lack of studies relevant to this question has been the result
of a lack of sufficient data for the appropriate analysis. Most
investigators assume that in order to conduct a study of change over
time a group of respondents must be selected and observed at various
points during the time span, a technique known as a panel study. Such

. studles are costly to carry out and involve some serious methodological
shortcomings; consequently, they have been avoided. There is, however,
another approach which does not involve the tracking of single

- individuals. In place of single individuals, the investigator measures
or tracks groups for types of regpondents over time. Instead of asking




the same question to the same individuals repeatedly, he asked the
same question tc different individuals sharing certain characteristics
at different points in time. This technique is similar to that used by
Pool, Abelson, snd Popiin (1)G4) and, for convenience will be referred
tou as the comparable group method.

If the requirement of identical respondents is dropped in favor
of comparable groups, it becomes possible to make use of public opinion
survey data to study attitude and behavior change. The American Institute
of Fublic Opinion (AIPO}, also known as the Gellup Poll, conducts
a national opinion survey each month. During the June-November, 1301,
period, their surveys included questions about U. S. policy in Berlin,
expectations of war, end civil defense precautions taxen by the responder's,
in addition to their usual political preference and demographic questiocns.
The demographic variables can be used to group the respo.ndents in such
a way as to form comparable groups and the repeated expectation of
war and civil defense tehavior guestions allcow the derivation of an
irndex of change on those variables.

Since our interest is in the nature of the response of the
population, in general, and certain groups within that population in
particular, the groupirg of respondents within each sample should be
made con the basis of a variavle which has been shown to be related to
this reaction process. Studies by 3mith {1361}, Rosi (1965), Hero
(1300}, and Caspary (13(7; have shown that education is asscciated with
dirferences in reaction to international events. The differences in
attitude change found by each investigator were not differences in the
direction of the change but in the extremity of the change and the
speed with which it rollowed the event. For example, if the event was
a new Sovliet proposal for atmospheric test suspension, the high and
low education groups would not differ in that one would become more
pro-test suspension and the other less so but in that the high educaticn
group would evidence an attitude change more quickly and more noticesably
than the low education group.

The factors responsitle for the association of education and

responsivity to international events have not been isolated in most
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studies because measures of thege intervening factors were not present.
The psychological literature suggests three factors which are highly
correlated with education and may be responsible for differential
regponsivity:

(1) Education has been shown to be positively correlated with
awareness of, interest in, and knowledge atout international
affairs. FEducationsl differences in reaction could be due
to differences in exposure to the events.

(2) Education is negatively correlated with dogmatism or receptivity
to information differing from one's present conception of the
situation or object. Education may be correlated with response
differences because the lower the education the greater the
tendency to reject information inconsistent with one's
present attitude.

(3) Education is positively correlated with cognitive complexity
or the ability to understand and integrate the implications of
new information. The relationshlp between education and
responsiveness may be due to an inability on the part of the
lower education respondents to understand the implications
of the new information.

All three fsctors undoubtly contribute to the association of education
and responsiveness. The contributlion of each is unknown but the
influence of educational differences is established.

To summarize, in order to disccover the nature of public reactions
t0 international crisis, the data from six public opinion polls
conducted monthly during the Berlin Crisis of 1961 will be subdivided
on the basis of the educational level of the respondents and the
responses of those education groups to questions about the possibility
of war and civi) defense postures will be traced during that six month
period.

15.2 HYPOTHESES

The hypotheses can be divided into two sets - the first dealing with
the nature of the reaction process and the second concerning the
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relationship between educatior, expectation of war, and clvil defense
tehavior.

{1) Reaction hypotheses

{a} Speed of reaction. Smith (1361), Rosi (1963), and Caspary
(1967} have found that the higher the educational level, the greater the

sensitivity to incoming information about international events. In all
three studies, high education groups evidenced a more rapid change in
attitude following major events than low education groups. This finding
is consistent with psychological research on the "two-step flow of
communicatior" {Lazarsfeld, Berelson, and Gaudet, 19:48; Katz, 1957;
Katz and Lazarsfeld, 13955; Klapper, 19€1). This concept refers to the
process by which information is disseminated through a population.
tiovel information is first picked up from various media by "opinion
leaders" and then passed through interpersonal contacts tc others in
the porulation. One characteristic of "opinion leaders” is tnai they
are tetter educated than those they pass the informatioa to. This

leads us to the first hypothesis: The higher the education, the more

suickly the group will respond tc the increasing tension of the Berlin

Crisis. This skhould be true for judgements of the possibility of war
and the tendency to adopt civil defense measures as protection from
such aargers.

(v; Direction of change. This line of reasorning also leads to

the expectatlion that the direction of change will be the same
regardless of educational level. If the informaticn must te transmitted
through a group, it will be repeeted in e marner somewhat Liased by the
orien*ation of the transmittiing sgent; consequently, the direction of
the change should te similiar to that of the first group. Our second

hipothesis is: There should be no difference in the shape of the

cpinion and behavior change curves of the education groups cther than
that resulting from the time lag specified in Hypothesis la.
(¢ Extremity of response. Kosi (1365) found that the higkh

education group incurred greater opinion shifts toward suspension of
testing than did the low education group. Our hypothesis will reflect

nis finding: Wwith original attitude level ~ompensated for, the
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higher the educational level, the greater the extremity of opinion and
behavior changes.

(d) Longevity of change. Hero (1966) has found that greater
stability in attitudes toward the U.N. existed among high educaticn
groups than among low education groups. Smith (1961) has also found the
same relationship in attitudes toward other international affairs issues.

Our hypothesis is: Changes in opinion and behavior will be lqggg; livead
the higher the education level of the group.
{(2) Varisble relstionship hypotheses

(a) Expectation of war and civil defense behavior. Although
several studies comparing home owners who had built shelters with those
who had not have indicated that there are no differences in their
perceived immence of war (Berrien, 1963; Ekman, Cchen, Moos, Schlesinger,

and Stone, 1963) analyses of more representative semples have indicated
that expectation of nuclear war is positively correlated with a tendency
to adopt civil defense measures (Rose, 1963; Withey, 1961). Our
hypothesis is: 1Increases in the perceived likelihood of nuclear war

will be assoclated with increases in the proportion of the population
engaging in civil defense oriented behavior.

(b) Education and expectation of war. Educstion has often been
found to be negatively correlated with perceived probability of war
(Smith, 1961; Scott, 1965; Farris, 1960). Our hypothesis will be the
same: Regardless of the level of crisis, the higher the educational
level, the lower the expectation of war.

{¢) Education and civil defense behavior. Education is generally
found to be positively correlated with civil defense behavior (Withey, :
1%€1; Mast, 1966; Coleman, 1967; Berrien, Schulman and Amarel, 1963; %
Rose, 1963). Again, our hypothesis is similiar: Regardless of crisis

level, the higher the education level, the higher the incidence of civil
defense behavior.

ki Ml ek el

(d) Expectation of war, civil defense behavior and education. Hero
(1959) reviews a number of studies which indicate that the higher the

education level, the greater the consistency between attitude and action.

Applled to our investigation, this assoclation leads to the following
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hypothesis: The correlaticn between expectation of war and civil
defense behavior will be stronger, the higher the education level.

15.3 OPERATIONALIZATION

The hypotheses were tested by analysizing the data from six
national public opinion surveys conducted by the American Institute
for Public Opinion from June through November of 1361. A survey was
conducted at about the same time during each of those months. Each
survey involved the administration of a questionnaire to approximately
three thousand individuals.

Each questionnaire consisted of approximately twenty-five items.

Of those three types of items were of interest in our primary analysis:

(1) surveys conducted in June, July, September, and October
included a war expectation guestion usually "Do you think the
Berlin conflict will lead to a tf'ighting war?" The respcndent
could answer affirmitively, negatively, or indicate that he
did not know whether it would or would not. For our
purposes, a 'Yes" was scored as 1, a "Don't Know" as .5, and
a "No" as Q. A group's score was the average of its members
with high scores indicating high war expectation. This
question was asked to all those respondents who stated
that they were aware of the U. S. - Soviet confrontation over
Berlin.

(2) Surveys conducted in July, August, September, October, and
November included at least one question about steps the person
had taken to protect himseif and/or his family. Usually
there was one question about structural modifications ¢f the
home and another about stockpiling food ir case of atiack.
The latter question was chosen as the civil defense behavior
index because:

(a) it did not discriminate against those who could not
afford to modify their home;

(t) it did not discriminate against those who did not own
their home;
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(c) stocking food can be much quickly done and hence
is more likely to be sensitive index of change, and;
(d) so few people (usually under 2%4) modify their home that
measurement error too easily masks any fluctuations.
This question could only be answered "Yes" or "No", a "Yes"
being scored as 1 and a "No" as 0. The group score represents
the percent who said they had stored food. The higher the
score, the greater the number engaging in that civil defense
behavior. This question was asked of all respondents.

(3) Finally, each respondent was asked to indicate the extent of
his formal education. For the purposes of this study, all
those who had received only a grade school education or less
constituted the lowest education category, those receiving
some high school training but no college experience formed
the middle category and those who had some college work were in
the highest category. This division resulted in about 37%
of the sample falling into the lowest category, 46% into the
middle category, and 17% into the highest category.

15.4 RESULTS

Since the hypotheses about both the structure of change and the
relationships between the different veriables can be tested by reference
to the same set of graphas, those graphs will be presented and
thelr implications will be explored.

Figure 1 represents the scores for the total samples on the
expectation of war and civil defense variables.

Figure 2 represents the scores for the lowest education group on
the expectation of war and civil defense variables.

Figure 3 represents the scores for the middle educstion group on
the expectation of war and civil defense variables.

Figure L represents the scores for the highest education group
on the expectation of war and civil defense variables.
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Figure 5 represents the scores of all three education groups on
the expectation of war variable.

Figure 6 represents the scores of all three education groups on
the civil defense variable.

Before discussing the implications of these figures, a clarification
of Figure & is in order. The solid lines in that graph represent the
trend line for the actual data, the dashed lines represent projections
backward in time which will be discussed in full later.

Rather than considering the hypotheses in order, we will consider
the figures in order of preseatation:

(1) Figure 1 indicates that there is little if any correspondence
between expectation of war and civil defense behavior. The civil defense
curve shows a steady decline even while the expectation of war curve
continues to rise. This is contrary tc Hypothesis 2a which suggested
a pcsitive correlation between the two variables. A conclusion cannot
be reacked, however, bvecause of the lack of data on the civil defense
variable for the sixth month of 1961. As shal) be seen, the projectior
of that data point will have a profound effect on several of our conclusions,
this one included.

(7} Figures ?, 2, and % show that the correspondence between
the trend iines for expectation of war and clvil defense behavior increascs
as education decreases. Again, this is contrary to Hypothesis 24 which
states a positive not negative relationship. This conclusion is tenative
because of the missing data point.

(3) Figure S indicates that the higher the education level of the

group, tne lower their expectation of war regardless of crisis level.

There is some indication that the difference may be minimal during
reriods of crisis deescalation such as the latter stages of the
Berlin Crisis because of less rapid declines in the expectations of the
high educaticn group. MNevertheless, the differences are consistant
and in the direction predicted in Hypothesis °b.

(s) Figure € indicates that the higher the educational levei of
the group, the greater the tendency to engage in civil defense oriented

tehavior regardless of crisis level. 7The sole exception was Jduwring the
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ninth month of 1961 when the high school education group was somewhat
higher than the college group but other than that the differences are
concistent and 1n the direction predicted in Hypothesis Zc.
As was mentioned earlier, the absence of data on the civil defenae
variable for the sixth month of 1961 greatly limits our ability to
drew conclusions and in some cases may actually mislead the investigator
and reader. The shape of the trend lines for that data which we do
rave in addition to some relevant data gathered before the crisis began
sllow the projection of the civil defense trend line into the early
karlin Crisis period. The data available indicates that in early 1961
the baseline response rates to questions about stored food were 10%
for the college group, /-t for the high school group, and 23-4% for the
grade school group. Using these as sta:ting points, our curves can be
projected as they have been in Figure ¢ - the Gashed lines representing
the projection, the solid lines the actual data trend.
These projections force some modifications in the conclusions B
already tentatively drawn. Those conclusions dealing with the
relationship between education and civil defense behavior or expectation
or war remain the same and are extended. The conclusions concerning
the relationship between expectation of war and civil defense must be
changed. It now appears that for the total population, sharp increases
in the expectation of war are paralleled by sharp increases in civil
defense behavior but the correlation between the two then decreases
because of the sharper decrease in civil defense behavior relative to
expectations of war. The correlation between expectation of war and
civil defense behavior is high during the early stages of a crisis for
the college and high school education groups but not the grade school
group. Conversely, the relationship is strong during the later crisis
stages of the crisis period for the grade schocl group but not for the ‘
other two education groups. %
(5) Figures 9 and € indicate that education level is related to 7

speed or reaction toc events only in the case of civil defense behavior.

i

The response curves for the expectaticn of war are, for all practical

purposes, parallel durling the early stages of the crisis. The projected
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civil defense responses indicate an early response by the college and
high school groups and & wmuch slower response by the grade school
group. Thus, Hypcthesis la is confirmed for thc civil defense behavior
variable but not for the expectation of war variable.

(6) Figures 5 and € show that the direction of the changes induced
by the events is the same for all education groups for both expectation
cf war and civil defense behavior. The non-parallelness of the civil
defense behavior curves 1is accounted for in terms of speed or reaction,
the direction remains the same. Hypothesis 1lb is confirmed feor both
variables.

(7} Figure 5 shows that the magnitude or extremity of the opinion
changes of the educatiornal groups did not differ from the expectation of war
variable. Figure 6 indicates that although the high school and college
groups evidence maximum change in civil defense behavior early in the
crisis; the magnitude of the change i¢ approximately the same for all
three groups - 14% for the grade school group, 17% for the high school
group, and 1%% for the college group. Hypothesis lc is not confirmed.

{¢) Figures 5 and ¢ show that the changes induced by tne Berlin
Crisis ar~ longer lived the higher the education level. The differenrces
between the high school and college groups are slight but both differ
significantly from the grade school group. This conclusion is warranted
for botn expectation of war and civil defense behavior. Hypothesis 1d

is confirmed.
15.5 DISCUSSION

The original set cf hypotheses specifled differential responsiveness
to events as a function of education level. The finding indicate that
such is the case for civil defense behavior but not for expectation of
war. It is possible that the difference resulted from an artifact. The
question about expectation of war resulting from the Berlin Crisic was
asked oi those who were aware of the Berlin Crisis while the civil
deferse question was asked of all respondents. It is possible that the
difference between the college or high school group snd the grade school

group was based on differential awareness. This possibility can be
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checked by comparing the civil defense behavior curves for the grade

school group which was aware of the Berlin Crisis. Without reporting all

the data, it is sufficient to say that the response curve for the aware
portion of the group was essentially the same as the curve for the
entire grade school education group.

Having eliminated this rival explanation, the implications of this
finding are impressive. The lack of differenti-1 responsiveness of the
education groups indicates one of two things. First, with major
internstional events or major events in general, the "two-step flow
of communication' is not operative because of the massive dissemination
capabilities of television. This is probably true when the response to
such information is emotional, i.e., involving the anxlety, grief,
anger, rather than rational. The second pcssibility is that the two-
step process still cperates but with much greater speed than can be
detected with a monthly measurement procedure. The speed could be
accounted for by making the television commentator the first step or
opinion leader. &8ince the commentstor often follows a reporting of the
news with an analysls and interpretation, the role of tetter educated
and informed community member is bypassed and information is spread
much more rapidly.

The civil defense behavior curves have three important implications:

(1} The time lag required for the low education group to adopt
P 2= civil defense behavior levels indicates that even the simplest
civil defensc program such as stocking food must be regarded as a
technological innovation which has tc be disseminated to some parts of
the population. This process of dissemination has been investigated
with medical and agricultural innovations by Coleman, Katz, and Menzel

{1957), Katz (19¢€1), Rogers and Beal (1958), and Klapper (1961). To

ve effective, civil! defense campaigns will probably have to be channelled

through local "opinion leaders."
{#; FEven during time of serious international crisis, the
percentage of the populaticn which will engage in any survival

oriented behavior is quite small. 1In the case of stocking food, the

maximum percentage fcr the total sample was C17%, for the high educational
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group it was 27.5%. Thus the degree to which the public can be
expected to protect itself in times of crisis is quite limited.

{3) Maximum protection in terms of civil defense behavior for
a majority of the population (the high school and college education
groups) is obtaired immediately after a sharp rise in expectation of
war. After that the tendency to adopt such measures begins tco drop
off even though estimates of the likelihood of war continue to increase.
Those sections of the public appear to adapt rather quickly to the
increased tension levels and the nacessity of special protective measures
seems to fade. It is probably that if a crisis lasts more than two or
three months before escalating, the peak levels of what is already a

minimal public effort will have passed.
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1. GENERATIONAL TRENDS IN AMERICAN PURLIC ATTITUDES
TOWARD NATIONAL SECURITY h

*
Neal E. Cutler

.1  INTRODUCTION

A comprenensive search for relieble empirical indicators of public
attitudes, beliefs and orientations concerning matters of public policy
requires the analysis and interpretation of a relatively large file of
public opinion data. To this end, a data bank containing over one
hiundred naticnal sample public opinion surveys, spanning the years
12%6-130uu, has been established by the Civil Defenise Research Project,
Oak Ridge National lLaberatory. The present report ccentains some initial
analyses from the first longitudinal, multiple-survey research project

.
emanating from the establishmernt of the survey data bank.
1e.1.1 Scme Questions Whick Can Be Answered By Survey Research

There is no doubt that one of the most significant problem areas
of cur times is the relationship between the nation and its external :
envircenment, ramely, diplomatic and foreigr policles, active and
passive defense policies, and the mobilization of domestic resgources
to evaluate and support these policies. 1In the present report we shall
refer to this complex of issues as national security policy. Any
empirical investigation of national security policy must formulate a

number of important questions. Anmong them snowdd include the following.

*Hr- Cutler is a dcctoral candidate and Woodrow Wilson Dissertation

Fu:llow in the Graduate Program of Training and Kesearch in Political
Behavior, Lepartment of political Science, lLicrthwestern University. The *
research described in this report represents a preliminary analysis of :
some of the data to appesr in his dissertaticn, "The alterrative

ffects of Generaticrns and Aging Upon Political Behavieor: & Cohort
Analysis of American Attitudes Toward Foreign Policy, lobe=1340,7 )
Ph.D. Dissertaticn, [i-partwent of Pclitical Science, Lorthwestern
University, ORIL-%3%"1, 1. The results reperted here should ve
considered in tnic tentative context.
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What are the manifest policy attitudes shared by members of the public? %
How does the public view specific nationsl strategies in the area of '
diplomacy and foreign affairs; in the area of military and deferse planning

and programs? In addiiion to these kinds of manifest policy attitudes

concerning matters of national security, the scientist must consider

a number of background policy-relevant attitudes. How does the public

i 1

view national security problems in terms of priorities relative to
other kinds of problems? How does the puvlic perceive threats from the

external environment, both in terms of crisis events and in terms of

i

other natlonal actors?
when these initial descriptive juestions are answered, a second

set of questions must be raised; namely, what are tne relationships

between manifest policy attitudes and the perceptual, cognitive, and
other basgic attitudes and beliefs? For example, does the public
tend to favor certain manifest defense policies only during times when
threatening crises appear, or are such attitudes generally held over
a long period of time. Does support for alternative national
security policies come from identifiable subgroups within the public,
subgroups which can be identified in terms of the policy-relevant
background attitudes? Are there significant personal characteristics --
sociclogicel, psychological, and political -- which share strong relation-
ships with manifest poliecy attitudes.

A final set of questions raises the problem of contingency. Under
what contingent conditions are we most likely to find (a) specified

levels of national security attitudes, (b) identifiable patterns of

policy-relevant background attitudes, and (c¢) particular sets of relation-
ships between these two? The important point raised by the question

of contingency, of course, is that of estimating the parameters of

future public support for the varicus kinds of attitudes and attitude
interrelationships described here. The planning of national security
policy in the context of public support of such pelicy demands reliasble
empirical krowledge of the elements of stability in public attitudes,

as well as knowledge of the predictability of variance in conditions of
foreseeatle contingencies.




Of course any one piece of research raises more guestions than it
answers. What we have attempted in the preceding paragraphs is an out-
line of some important questions which not only should be answered, but
miy well be answered by tre program of survey research being conducted

ty members of the Civil Defense Kesearch Froject.
t.1.0 A Multi-faced Program of Survey Research

The searcn for emplirical answers to the questions illustrated in
the preceding sectiun demands btothi & long-term reseairch program and a
multi-faceted research program. At least three separate approaches to
the secondary analysis of existing survey research dasta can be described.
Each of the following approaches has been or is being implemented by
mexters of the C{ivil Cefense Research Project.:

A. Multivariate Analysis: It is comuwon knowledge that many words

car stard for the same concept or idea. Similsrly, many alternative
putlic opinion items can identify or measure the same attitude. An
imzortant task in the attempt tc . ocate relistlie indicators of national
security attitudes is the searcir for clusters or sets of items which
all measure the same attitude, and then construct frox the cluster a
single scale or factor which efficiently represents the attitude. The

work by Bobrow and wWilcox, reported in the last Civil Defense Eesearch

NS

Froject Annual keport exemplified this approach.

B. gvent Sensitivity Analysis: While the multivariate reduction

of a cluster of attitudinal measures tc a singlie, hcpefully stable,
factor is one way of represerting attitudinsl stability, a second
appreach attempts to determine the seusitivity of attitudes to interna-
tional events and crises. It may be expected that certain kindg of
naticnal security attitudes are more sensitive to the nature cf the
external ernvircnment, i.e., are more sensitive tc events, than other
attitudes. Similarly, certain populaticn groups within the public msy
be more attentive and sencitive to such events. The empirical discovery
of these lccil of sttitudinal change demand a series of measurements,

before, during, and after the international crisls. The researcn by
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Atkinson, described in Chapter 15 of the prezent Annunl Report embodics

this approach in analyzing the sensitivity c¢f national security attituces

to the events of the Rerlin crisis of 1 ..

~

T Longitudinal Aralysis: A third approach to the study of the

stability of national security attitudes is tc cobserve the longitudinal
trends in the attitudes over a fairly lengthy perisi ¢f time. To what
extert, it may be asked, are the "basic” attitudes which have been
located by way of multivariate analysis and studies over short-term
periods, heid by & national population over a long time? Certain attitudes
relevant to national security policy, of course, will change as the
policies themselives charge. Yet it is also possible to locate sets of
attitudes which are statle and predictatle beyond the time-span of
particular policies, particuiar crises, particular presidential
administrations, and particular political debates. The present

research intc gereraticnal trends ir national security attitudes is an
attempt to gauge the longitudinal pettern of several different attitudes

over the years 19J30-1366.
16.1.3 3Scope of the Present Report {

One of the most interesting longitudinal social phenomens is the
process of generational seccession. Here is a perpetual process which
combires socicological and psychological as well as blological mechanisms
into a singie process. Unlike gererations of butterflies,; each of which
dies off vefore the succeeding one arrives on the scene, human generationus
cverlay, coexist, and comumunicate with one another. Herein lies the
excitement of the generational analysis of human behavior, for within
tke structure of overlapping generations 1s contained the seeds of both
socio-political continuity es well as socio-political change.

As will become apparent leter ir this report, there are a great

number of different kinds of research directicns which can be pursued

U~

in using that form of gereration research we call cohort analysis. Not

all questions relevant to an understanding of public attitudes toward

matters cf national security policy can be asked, let alone answered,

e e A e st

ir a single study. The purpose of the present sectiorn, therefore, is
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background attitudes which may generate support for alternative new
policies. Similarly, we may investigate the interrelationships

between manifest arnd latent attitudes and attempt to determine the
contingencies under which the interrelationships hold. 1In the present
report we shall present oniy a portlon of the data which have already
been anaiyzed, which in turn 1is but & small porticr of the investigation
now under way. More specitfically, we will examine the attitudes of

three separate generations to four national secarity poilcy rpreferewnce
attitudes; that is, attitudes which express a manifest preference ror

a particular Xind ot action in the realm of nationel security planning,

as distinct from latent or background ﬂttitudes-j
16.2 THE RESFARCE PROBLEM STATED IN TcRMS OF THE THEORY OF GENERATIONS

The basilec research problem is tc trace American attitudes toward
national security cover the period 12%.-120C. The simplest approach to
such a problem would be to merely plot the percentage of Americans who
have giver favorable or unfavorable responses to various policies or
proposals over the years. This approach, however, would fail to
provide twc of the most important products of any scientific investigation
of a problem: the understanding of the genesis of the trend lines,

and a reliable basis for predicting future states from the trends.

!

or these recasons, tihe research reported here has been designed in

-

he context of the theory of generations.

To what extent, it is asked, are attitudes toward probtlems of
national security related to the emergence of successive human
generations? Do histerical events and circumstarnces provide a background
for the establishment of attitudes and beliefs which the individual
holds even as he grows older and undergues the various changes associated
with the aging process? To what degree are belizfs concerning the use
of war as an instrument of national pulizy, the externsion of American
military forces to other parts of ¢he giche, the exuvenditure of national
resoarces in the form 2f foreiyn ald -- to what degroe can these kinds

of tellefs te accouanted for in terms of a thecry of gererations?




Cernerational succession is a basic law of social existence with
which social scientists must contend.lu Certainly each new
generation develops in an environment shaped by prior generations, and
is nighly influenced bty the constraints and beliefs handed down
through the culture generally, and through parents specifically.

Yet ea o generatiorn is confronted by a unigue configuration of
historical and contemporary social, political, and international forces
which can make that generation different from sll previous ones. If
the comnuriity of social scientists can establish the linkages between
tne processes of generationa. succession on the one hand, and the
processes which shape patierns of social and political behavior on
iixe other, theu a mode of explanation and vrediction will have bteen
iiscuvered which is most powerful.
When analyzing behavioral patterns which are tc be related to a
~'s age, we miast acknodledge ar ulternative model, ore based upon
the aging rocess of man. Trere are, according to the alternative,
characteristic tehavicor patterns of youth and characteristic belavior
patierie of cider peorzuns. I the political realm, for example,
youth 1s seen 2s radical while tne elderly are seen as irnherently
corservative. This slternative may te celled a "life-cycle" model of
rumarn beravior, since every jndividual in fact travels through such a
cycle, the liniage between behaviorel and viclogical proce- ~s can
become a significant explanatory tool for st -dents of huma.. Jehavior.ll
1t is important to both thecretically and empirically distinguish
the life-cycle and generational explanations ot humsn behavior slice
cach inplies a severely different model of political change. If one
is intecrested in tre forces which promote or hinder changes in a
political system, then certainly the profile of behavior patterns possessed
by new groups of systenm members 1s a most important element for study.
Tre life-cycle interpretation uf the age variabtle jimplies & static
model of political system change. For example, if individuals change
in a "characteristic” fashio=n from youthful raaicalism to elderly
con.srvatism, then one would expect this same pattern to lterate with

each cuccessive generation. While the life-cycle interpretation of

DR
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age-correlated behavior results in a cyclical pattern over time, it
nonetheless implies a relatively static picture of the political
system in that each iteration of the cycle develops in the same
way as previous iterations.

The generational interpretation of observed age difference in
behavior provides a more dynamic mcodel of political change. This
generational model implies that the unique complex of historical
circumstances under which a generational group is born and is socialized
will influence the political values end beliefs it holds to be
important. More importantly, the generational model implies that those
political postures which the generational group formulates early in its
own life history will be carried forward into time as that generaticnal
group ages. Thus, as each generational group ages into that life-stage
from which leaders are selected, it brings to leadership a set of
political orientations which may be different from those of previous
generations of leaders.

16.3 COHORT ANALYSIS: A METHODOLOGY FOR STUDYING GENERATIONAL TRENDS

The concept of the age cohort, most thoroughly developed by students
of demography, is defined as & group of persons who share some important
life-cycle event, usually the year of birth, although the event could
also be the year of entering military service, the year of first vote,
etc. Evan, in "Cohort Analysis of Survey Data: A Procedure for
Studying Long-Term Oninion Change,'" drscribes a procedure whereby the
demographzr's conception of cohort igalysis can be adapted for use with

a large number of attitude surveys. If one wanted to study the
attitudes of & particular cohort in five year intervals over the period
1345 to 1965, for example, one could look at the twenty-five year-olds
in a 1945 survey, the thirty year-olds in 1350, the thirty-five year-
olds in 1955, the forth year-olds in 1960, and the forty-five year-olds
in 1965. Although the analyst does not have measures on the very

same individuals from year to year, as the demographers have in the form
of census records, he can ussemble comparable samples of the same

cohort as that particular cohort ages over time.

it bl 13ttt el
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The secordary analysis of survey data by this cohort approach
allows the researcher to observe a single generational group in a
longitudinal perspective using a series of cross-sectional date.
Cohort analysis allows for the statement of inferences which are
not possible in the use of single crcss-sectional studies. Although
collections of survey data have been in existence for a number of years,
there has been little work aimed at using these archives in the
locaticn of longitudinal inferences. As Lipset has commented,
"Unfortunately there has beeun no attempt to study systematically the
effect of generation experience with modern survey research
techniques."lL Ir a more recent synthesis of social research
focussing upon the various factors and agencies which affect the
development of social and political attitudes, Dennis says of the

generational model that "this is one of the areas of political socializs-

. .. 15
tion research where least is kncwn.'" ”

The age variable, of course, has been used it a great many studies
of political attitudes, where the researcher "controls' for age; tkat
is, he can identify differences at a single point in time between
twenty year-olds sand seventy year-olds. The inference is often
drawn tc the effect that the process cof aging accounts for the age
differences. Yet it is important to recognize that these two age
groups are mambers of different cohorts, age groups which have teen
influenced by, perhaps, radically different socialization experiences
in their youth and early adulthood. For examplc, a cchort analysis
could reveal that present-day conservative seventy year-olds werec just
as conservative as when they were twenty years cld. This socislization-
oriented inference is quite different from the life-cycle or
aging-orieuted inference. Yet the error is quite easily made when the
study 1is btased upor. a sirgle cross-sectional sample. Cne of the
primary contributions of the ongoing research project described in
this report, therefore, is the formulation of a set of procedures
wherein the errors of inference inherent in cross-sectional analyses
ay be reduced.

Since the theoreticsl orientation of this research is generational
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and the analytic model is that of cohort analysis, the relationship
between "cohort" and "generation" should be made clear. As stated above,
a cohort may be arbitrarily designated by a researcher in terms of

(a) the number of years which constitute a cohort interval, and (b} the
event which defines a cohort, e.g., birth, entrance into military service,
etc. A generation, on the other hand, has usuaslly been defined solely
in terms of birth, and usually encompassing a period of twenty-or-so
years. In historical discourse, for example, a generation has been
usually defined as "the average period from & male's birth until the
birth of his first male child. Nowadsys a generation sc defined is much
closer to twenty years in duration."16 In his essay titled "How Long

is a Generation?" Berger observed that in recent history the time
periods which in fact define separable generational groups have been
shrinking-l7 The increased pace of technological change suggests that
researchers should look for qualitative gererational differences at
intervals which are smaller than the traditional twenty year period.

By emplcying the concept of cohort, the researcher is in the
position to determine if in fact a generation-defining event has occurred
which substantially differentiates the behavior of those born and socialized
immediately following the event. In the present research, for example,
the events of World War I, the Depression, and the coming of the Nuclear
Era, sltkough less than twenty years apart, may in fact define distinct
generational groups. Addressing himself to the advantage of employing
the cohort concept in the analysis of social change, the demagrapher
Norman Ryder has stated that "the proposed orientation to temporal
differentiation or cohorvs emphesizes the context preveiling at the time
members of the zohort experience critical transitions-"18 To the extent
that such criticsl transitions coincide with major historical watersheds
which occur more frequently than every twenty years, then cohort anslysis
will reveal differential patterns of human behavior at intervals less
than that defined by the traditional concept of "generation."

Table I may be called a "cohort analysis matrix" and represents
the generic Torm in which a series of national sample surveys must be

cacst in order to construct cohort compnrisons.lf Each column in the
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Table I: Cohort Analysis Matrix: Five-Year Intervals

huclear Era

Great Depression

Vorlid wWar I

a . . . . .
Fach cclumn is represented by a sample survey taken in the given
year.

bThe cohort represented by the uppermost pair or diagonal lines
wvas born in 1321-25. Thus the entries in this diagonal "row" may be
read as follows: 'The cohort born in 1921-25 was 21-25 years old in
195¢; it was 26-3; years old in 1351, 31-35 years old in 195€, etc.”

.




table represents a national sample survey; five such surveys have been
o= chosen at five year intervals representing a twenty year period. The
respondentis in each of these surveys have thus been sorted into five-

year mge groups. Using this format, the developmant of any given genera-

tional cohort can be traced by obrs rving successive samples of the

cohort across the five sampling points. For example, cbserve that cohort
born in the 1321-1925 interval: This cochort occupies the Z1-25 age-
group cell in a 1394¢ sample; in 1351 all members of this cohort have

aged five years, and thus the cohort would nowx occupy the 26«30 age-group
cell in a 17351 sample. One can similarly "age' the cohort another five
years by looking at the 31-35 age-group cell in a 135% sample, and
continue the operation for as many sample-survey points for which

data are availatle.

In the actual cohort analysis of any specified aspect of political
tehavior, the ceils in this cohort analysis matrix would be occupied by
meacurements on that behavioral variabie. In other words, a cross-
tabuiation cf sge-Ly-variable is obtained for each of the sampling
pcints, and the resultant freguencies, precentages, Cr scores are
entered intc the matrix. By scanning the matrix diagconally, the
pattern of these scores for a given cohort can be traced across time.
Assuming that the samples are in fact representative of generational
cohorts, several kinds of comparisons can then be constructed. One
may merely want to observe the pattern of attitudes of one particular

cohort, looking at seversel different attitudes. The researcher may

want to forcus upon a single attitude, and compare ore generational
corort with ancther.

Although the analytic technique described in this report is called

cohort analycsis, informaticn about the generational cohort is cnly
- one aspect of the informatiorn whicr can be obtained. Cohort analysis

can also provide information about the effects of the aging process.

Referring again tc Table 1, each row represents a particular stage
in the life-cycle. The top row, for example, 1 -, esents the 21-25

year life-stage in each of the sampling points. The individuals

represented in the cells of the rows are not samp’es of the same




individuals. iather, each row represents a series of samples of
individuals who socupy the saie stage in the life-cycle. Onz may hypothesis
for examy»le, that there ie som2thing inherent in youth which leads to
liberal political beilieis. If the cells of the cchort matrix represent
scores on a literalism zcale, then this hypothoesis would predict that
the row representing "youth'" would be more liberal than rows representing
clder life-slages.

1he technique o cohort analysis, therefore, can bte aprlied to
survey data. As long as the attitudinal information for each individual
is accomparied by his age, the individuals represented in each samvle
can te sorted into age groups. hy doing this to a succession of samples,
the analyst can trace attitudinal patterns across btoth generaticnal and
aging precess dimensicns.  Sinne cohort analysis in fact faciiitales the

observation of both these erferts of the age variatle
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solely o indicators of the generational impact upon derense po

attitudes.

1o~ A COUOKT ANALYSIT OF

This section will present the data rerpresenting deferse

attitudes of three distinet generaticral cchorts, as these attitudes

lave beern natiohal swmple surveys covering
the years 175e-) i conerts have teen labelled as foliows:

“iorld dar I" cohort, '"hepressicon' conort, and "Kuclear fra' cohort.
In each case the label represents that grcup of persons which was
approximately tweuty years old at the beginning of the event ircliuded
in the label. It should be remembtered, however, tr-t the latels are
only shterihand ways of referring to these three ccohorts. Although
trey could have just as easily been referred to as A, E, and I, tne
labvels chcsen here do convey something of the gererational influences
which: are being investigated. Since the cchort aralysis of a

waltiple-survey data collection reguires a somewhat different set of

vy
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operational procedures than usually exployed in single-sample studies,

this se:xtion will begin with a brief cutlire of the mzthodeological

ard statistical y. wedures employed.
16.4.1 The Standardization of Response Distributions Across Time

From the public opinion files of the Civil Defense Research Project,
four general categories of attitudes relating to national security were
established: (1) "Maintain/Increase American Military Capability" --
gquestiong giving the respondent & situation in which he would favor or
oppose such aspects of military capability as nuclear weapons testing,
the draft, and missile systems. (C) "Hon-Military Extensions" --
questions which asked the respondent if he favored the extensicn of
American resources to other parts of the world as a way of maintaining
American naticnal security; literally, these questions refer tec varicus
forms of foreign aid. (3} "Military Extensicn" -- questions which
asked the respondent for his attitudes concerning the deployment of
American troops and other strategic recscurces to other parts of the
world. (&) "Advocacy of War" -- questions in which the respondent
was asked if the United States should declare war on its enemies.gg

In analyzing attitudes in each of the atove sets, we crouss-
tatulated the answers to each gquestion with the age of the respondent.

oroany

tq

given guestion-set, however, some variance may be introduced
merely by the fact that the 124{ question was worded differently than
the 1951 guestion. In order to eliminate this spurious source of
variation we performed a z-score transformation cn the percentage
data-al Table II demonstrates how we applied the z-score formula

to out national security attitude data. DNote that each of the "yes"
percerntages corresponds to an xi. Thus, the Zi for each age group
represents the percentege, as corrected for (a} its deviaticon from
the mear percentage and (b} the standard deviation of the vector of

percentages.
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1€.L.2 PResults

For purposes of analysis, the average z-score for each generationel
cohort was computed for each of the attitude guestion-sets. By comparing
these mean z-scores, the reader 1s able to determine answers to a1 number
of interesting questions. For example, within a geperational cohort,
which kind of national security attitude has the greatest endorsement
{(i.e., which has the highest mean z-score)? How does the internal
structure of attitudes compare from cohort to cohert? Wrat kinds of
longitudinal interrelationships exist among the various attitudes
{e.g., is a high level of support for foreign aid programs associated
with a high level of support for sending American troops to other parts
of the world)? In the analysis which follows, therefore, the data which
are presented represent the mean z-scores given by each of the three
generational cohorts, for each of the attitude question-sets.

Two modes of analysis for these data will be suggested here. First,
the preferential structuring of defense policy choices of each cohort
can be ascertained by ohbserving the rank-crder of scores within each
column. Second, by scanning the rows, the reader can see the longitudinal
trends in each of the defense policy question-sets.

Initial inspection of Table III reveals that there are in fact
scnerational differences in attitudes toward the four national security
question-sets.22 The most preferred policy of the cohort which was
approximately twenty years ¢ld at the time of World War I 1s to maintain
or increase Americsn military capability, while the least preferred
policy is the extension of such military capability tc other parts of
the world. For the Depression cohort, however, the most preferred
defense policy appears 1o be that of non-military extension. The
question-set here described as "non-military extension" contsins items
periaining to support for American foreign aid programs. At the same
time, the policy least preferred by this cohort is the advocacy of
war. That cohort which entered the pclitical system {approximately age

twenty) at the beginning of the nuclear era gives its greatest supnort
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to a policy of military extension, and gives least support to the
non-military extension or foreign aid policy. It will also be observed
that all of the mean z-scores for this cohort are positive, as compared
to the earlier cohorts wnose scores are mostly negative. This indicates
that the Nuclear Era cchort is, in historical perspective, more supportive
of these general policies, regardless cof their specific nature, than
are earlier cohorts.

While observing the structure of the cohort cclumns indicates that
there are otservable generational differences in attitudes toward
national security, the rows of Table III give a more general picture cf
the longitudinal treunds for each of the four gquestion-sets. It will be
noticed that the total picture presenteld ¢ty these data is cne of
increased support for all four cof the ettitudes. For two of the
auestion-sets, non-military extension and military extension, there
are in fact monotenic increases in the levels of poiicy endorsement
by ecach successgive genergtional cohort. For the remaining two policy
vrositicng, attitudinal support increases as one compares the waorld war I
cshort with the Nuclear Lre cohort althcugh the Derression cohort gives

lower lievels of support. Ore possible explanation ror these latter

Y s . i s .. . 23
patterns of policy erndorsement may ve msde in terms ¢f learning theory.” -

ni:
Trie Ligher levels of support giver to questicn-sets one and four by
Viiclear Bra cohorts mey be a function of the

fact that the sigrificant generation-defining event in each of these
cgses was & ''successfl” militaery encounter. The two events may have
served a5 positive reinforcement of the militar

y policies embodied by

-

the guestion-sets; hence in each case there i: evidernce of a positive
scoletal-level learning experiernce.

Although a number of interecting findings can Ye isolated Irom
the generational trends described by Tatle II1, twoe in particular deserve
further ccrment. A predeminant generational irend is found in the

military extensiorn guesticn-ce

o+

v These item: ref

™

er to the exteusiovn
of American military commitments te other parts of the world in the

form of sending troops to these other sreas. The longitudinal trend




of increased endorsement of this policy appears to mirror the development
of American defense and foreign policy during the period covered by
these data, 1 a0=12ti. The historieally oldest cohort, secialized

in the years before the emergerce of the lJr ~23 States as a major
world power, i1s least supportive of the c:llective security and
containment policies implied by question-set three. The Depression
cohort, while not strongly endo.sing these policies, is less opposed
to them than the World wWar I cchort. The Nuclear Era cohort, that
group socialized at the beginning of the era in which the policies of
military extension were stimulated and forrulated, gives the highest
level of policy support to question-set three; in fact, this level

is the highest to be found in ell of Table III.

The tinal trend to be commented upon here concerns attitudes
toward the advocscy of war. It will be noted that of the three genera-
tional cohortis included in cur analysis, the HNuclear Era cohort is
most supportive of this particular approach to naticnal security.

This may seem scmawhat paradoxical since some commentators have argued
that the youngest generation, sccialized as it was in the years which
saw the first use of nuclear weapons, is most antagonistic to the use
of such weaponry. We include comment on this aspect of ocur data to
point out the need for further longitudinal research into the complex
of belief systems which characterizes national security attitudes.
Other kinds of attitudes which provide the cognitive background to
more policy-orientec attitudes may provide keys to the interpretation
of such findings as the one pointed out here. For example, if it was
discovered that this most recent cohort expressed the belief that
nuclear weapons would never be used in a war, then advocacy of war
takes on a different meaning. ¢&imilarly, if the belief is held that
despite a nuclear war, one's personal safety would not be threatened,
then again, the policy which advccates war has a somewhat different

meaning.
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16.5 SUMMARY AND CONCLUSION

On the basis of these data 1llustrating the generational analysis
of public attitudes toward problems and issues of national security, a
number of comments shculd be made and inferences drawn. Foremost among
these, of course, is to reiterate that the present analysis of the
attitudes of three generational cchorts toward four sets of attitudes
is but a small portion of the work which can be and is being planned
and carried out. A greater number of cochorts will be included in
future research, as will be a greater number of attitude sets relevant
to national security. Yet even the data presented here portray some
significant findings.

A first general implication of this research is of concern to both
policy-makers and sccial sclentists alike. The establishment of e
large-scale data bank, containing public opinion surveys from previous
years, when exploited with innovative methodologies and expansive research
designs can provide reliable knowledge and insight concerning long-term
trends in human behavior, knowledge which would not otherwise become
availiable.

Substantively, our data provide tentative evidence that the
historical clircumctances surrounding the socializetion of successive
generational cohorts do affect, in differential patterns, the attitudes
held by members of the cohorts; that is, the cohort analysis of national
security attitudes reveals interpretable longitudinal trends. Perhaps
these trends can be more clearly seen from our summary of the data
appearing in Table III in graphic form. We have plotted each of the four
question-sets in succession, each plot containing the measurements for
each of three cohorts (World War I, Depression, and Nuclear Era,
respectively). (see Figure 1)

One implication of these data is that there is, in general, an
increasing longitudinal acceptance of various forms of national security
policies Ly the members of successive generational groups. For each

of the four question-sets, the most recent co'.urt gives greater attitudinal
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endorsement of the policy than is given by the eariiest cohort. Thus
while in 1950 Almond argued that the public reacts to matters of
fcrelgn and defense policy solely in terms of “"moods," owr data
indicate that there has been a fairly gtable increase in public
consideration of guch policy matters-zu The fact that this public
support generally exists indicates that future planning in the area
of rational security must be made in this context of relative support
and concern.z5
Although public support has in general been increasing, policy-
makers should remain attentive to the differences in levels of support
for the alternatives illustirated by our four question-sets. Thus,
while support for foreign aid programs is characterized by the general
trend, support for American military extension has increased much
more. The significance of this general longitudinal trend is increased
as we observe that for the most recent cohort, mi itary extension 1is
g&iven the largest amount of support.
Finally, it should be noted that those two juestion-sets which have
been characterized by monotonlce generationsal increases are both
"extension" attitudes. The trends in public perceptions and endorsement
of national security policies, in other words, are in the direction
of increased extension of American resources -- both military and
economic -- to other parts of the world. 1In terms of the classic
isolationist-internationalist type of distinction, our data imply
that the American public has become increasingly internationalisgt in
orientation. Approaches to national security planning which desire to
maintain public support should take these generational trends inteo
account. Future research of this generational nature, however, will be
able to locate more precisely those aspects of Amerlcan involvement in
the external environment which engender greater and lesser amounts of
public support. To the degree that the kind of research which we
have begun here 1s continued, decision-makers will be in a better position to
accurately and reliably estimate the parameters of future levels of
public support for alternative national security policies.
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xi - X
z.i = of the vector, and s is the
s

standard deviation of the
vector.
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The observation that a particular attitude varies over time in a
way which is consistent with generational succession does not in
itself "prove" that the factor of generational experience is the
predominant cause of the pattern of variation. More extensive
analy~is of these same data, in fact, has demonstrated that other
explanations may be more convincing. However, the fact that there
are discoverable generational trends in these and similar
attitudinal data is a significant datum which demands further
exploitation. See: Bobrow and Cutler, op. cit., pp. 34-37.
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Civil Defense Research Project, for pointing out this interpretive
possibility.




(O8]
Cag
=

2l Gabriel Almond, The American People and Foreign Policy, Second
- Edition. New York: Praeger, 1360 (coriginally published 1950).
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Text of survey questionnaire items includecd in each question-set

1. Maintein/Increase Military Capability

1394: The Selective Service draft law expires in May. Do you
thirk Congress should or should not vote to continue the
draft law for one year? (AIPO 247)

1351: If the Korean War is brought to an end soon, do you think
the United States should contiiiue cur defense program as
planned, or do you think the defense program shculd be
reduced? (AIPO 477)

l)-;"(. »

131: Since November, 195&, the U. S. and Russia have been trying
to reach a permanent agreement on the control and inspection
of nuclear bomb tests. During this period each country
voluntarily agreed not to conduct any tests, but no
permanent agreement has been reached. Do you think tne
United States should resume tests at this time, or not?
(AIPO ©32)

1326: What is the desirability of the United States' having
anti-missile missiles so effective 1n shooting down enemy
missiles that nc enemy would think of attacking us?

(NORC &76)

2 Advocacy of War

13:6; Do you think the United States should declare war on Russia
now? (AIPO 378)

1351: Do you think the United States should start an all-out war
with Communist China, or not? (AIPO 471)

1356 *

13C1: (If you have heard or read about the dispute between the
Allies and Russia over Berlin . . . ) If Communist East
Germany closes all rosds to Berlin and does not permit
planes to land in Berlin, do you think the United States
and its allies should or should not try to fight their
way into Berlin? (AIPO €50)

1366 =




Military cxtension

1946;  Churchill says that the U. S. and Greal Erittain should
make a permanent military alliance -- that is, agree
to come to each other's defense imnediately if the other
is attacked? Do you approve or disapprove of this policy?
(AIPO 367)

1351: Some pecple say that another world war is more likely to
start 1s the United States sends additional soldiers to
Europe. Other people say that our sending additional
soldiers to Europe will more likely prevent enother
world war. wWith which group do you, yourself, agree?
(AIPO 470)

1956: *

1961: (If you know of the Berlin dispute . . . ) Do you think
we should keep American forces in Berlin -- along with
British and French forces -- even at the risk of war?
(AIPO 6uB)

19€6: *

Non-Military Extension

1346: General Mark Clark believes that if we make & loan of 150
million dollars to Austria it may help to keer that
country from coming under the control of Russia. Do you
think we should make this loan to Austria? (AIPO 379)

1951: Dolyou think Congress should or should not vote about
8-1/2 billion dollars to European countries for military
equipment and cconomic aid this coming year? (AIPO 477)

1956: During recent years, Congress has appropriated about L
billion dollars each year for countries in other parts
of the world to help prevent their going Communistic.
Should Contress appropriate the same amount this year,
or not? (AIPO 976)

1961l: Do you think the interests of the United States have
actually been helped by the U. S. Foreign Ald program
during the last five years, or not? (AIPO 652)
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-1 Various national programs frequently compete before
Congress for financial support. I would like your
opinion about the fellowing programs, but please keep
in mind that it is very unlixkely that enough funds
will be availeble for all of them: Aid to Developing
Nations? (NORC &7¢;

saumpling point, i.e., no guestion was asked in a national survey which

*An agterisk indicates that no data are available for this

would serve as an indicator of the particular question-set.

NOTe:

AIPC = American Institute of Public Opinion (Gallup)

NORC = National Opinion Research Center
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17. Emergency Preparedness jin the Federal Executive Agencies

Claire Nader %

17.1 INTRODUCTION

The focus of this work - discussed at some length in the Annual
Progress Report of March 1966-67 - is the nonmilitary defense activi-
ties of the Federal executive agencies with special reference to a
nuclear contingency. Its purpose is to examine the factors which

shape and explain their preparedness efforts in this regard.
17.2 THE MEDICAL STOCKPILE FROZRAM

Analysis of the Federal civilian medical stockpile programl ;
identifies (1) factors which shaped the practice and content of emer-
gency preparedness in this area from 1951 to 1253, and (2) those which
forced changes in the program. The work of the Task Force established
in 19%5 to evaluate the program and the consequent changes2 resulted
from a series of actions which were set in motion by the request in the
fall of 1963, of the Asgistant Director of the Bureau of the Budget
(BOB), handling civil defense programs, for a review of the Public
Health Service's emergency health program and tfor advice with refer-
ence tc its 1965 budget.

It is noteworthy that in the two-year period from the time of the i
initial request the Public Health Service's Division of Health Mobili-
zation 4id not couplete the requested comprehensive review on which
hinged the future of the program. To speed the pirocess and to produce
such an evaluation, an interagency task force was established. This
move gave impetus to a thorough review and evaluation of the emergency
medical stockpile program and a new program in 1965.

The events surrounding and affecting the emergency medical stock-

pile program from the fall of 1952 to 1964, give some idea of what
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happened to move the program from routine administrative operations to

a new and clearer political policy resolution and mandate. As a result

of these, the issues were joined. Ir order to understand the kind of :
intervention which was required for substantive change to occur, some-
thing mwust be said about obstacles to change, that is, the conditions
which created and then maintiined the program's inetfective routine
before and even ifter the transfer of stocxpile respcnsibilities in
1773 from the Office of Civil and Defense Mobilization (OCDM) to the
Dzpartment of Health Education and Welfare-Public Health Service (DHEW-
PAS).

Several kinds of factors contributed to routine administrative
btehavior and operations from 14l to 1973 and prevented the develop-
mer:t ¢f a continuously relevant program.

First, the program while in the Federal Civil Defense Adminis-~

traticn (FCDA) from 1901 to 1940 suffered from organizational in-

stability and discontinuity. During that time the Federal civil

defense organization experienced several structural changes and even
a breaxup of its physical headquarters wherein from 1% to 1%57 the
organizatior, was located partliy in Washington and partly in Battle
Creek, Michigan. In this and in vari»us other ways, FCDA lost what-
ever status it had in that hierarchy of organizations charged with
defense policy and operstions., Under such circuustances, the emer-
gency medical stockpile program “got shuttled around,” to use one
official's Jescription.

Second, the emergency nealth problem was con-eived and developed
not only in a limited organizational setting L. wlso in a limited

conceptual setting. The idea of emergency health was restricted to

casualty care by the model on which the emergency medical care concept
was patterned, the Mobile Army Services Hespital unit. The concept of
continuing health was ignored in the organizational context of FCDA

ever though its importance was officially recognized in the early 1950'5,3
Moreover, since the problem of casualty care was seen against the back-
ground of the evacuation concept, strategic stockpiling of medical

cupplies and equipment became the accepted policy, persisting after
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thie concept was dropped. But strategic stockpiling was a limited

policy even in the context of the evacuation concept because casualty
I
regerves were not ready for emergency use.

Third, organizational discontinuity and insecurity detracted from
strong FCDA relations with its closest neighbors in the defense area,
the Atomic Energy Commission (AEC) and the Department of Defense (DOD).
An inadequatly funded independent agency, its organizational links with

AEC and DOD, thec agencies which possessed the knowledge basic to civil

defensge planning, were ingufficient. FCDA experienced an isolation which

damaged its ability to function as the public education branch of civil

defense.5 This isclation was reflected in inadeguate communication,

intensified by the distance of FCDA's main headquarters from the center
of national defense decision-making.

A combination of factors contributed to inadequate communication
and ultimately affected public education in civil defense planning and
operations. Among these were:

(1) the slowness of declagsifying information for public consumption,
even though FCDA might have had immediate access to AEC-DOD classified
i.nforrnation;6

(2) DOD and AEC uncertainty about the FCDA because of its public
information function on civil defense matters;7

(3) lack of scientifically competent personnel in FCDA in contrast
to the high level technical manpower in AEC and DC)D;8

(4) insufficient interpretation of technical information from AEC-
DOD so that FCDA could assimilate it and put it in useful form for pub-

o)
lic consurption;”

(5) contradictl .s between information contained in FCDA bulletins
and statements made by FCDA of‘f‘icials.lo

In the setting of & low status organization of little influenc:,
the emergency medical stockpile program did not have much visibility.
In fact, civil defense public relations programs did not allude to the
hospital operation. Thus, no information about emergency hospitals
got out ir proper form to professional groups and to the communities.

Fourth, the program was plagued with inadequate staffing in terms

i
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of nurters and gqualified perscnnel. As early as 1754, the Surgeon
General jdentified this prohlem.ll As late as 197, the shortage of
medical personnel and the high demand for medical talent are stili a
problem. Wher, it is available and allocated, emergency health tasks
do not ozcupy a high place in the hierarchy of medical needs and demands.
Fifth, the program suffered from lack of leadershijp inside govern-
ment and outside government. The liaison of the Federal civil defense
organization with professional associations, advisory groups, and in-
dustry did not produce an effective program over time. At the Federal
level of government, the organizational arrangements for emergency health,
as least until 190G, did not reflect & division of labor appropriate to
the task. TIts plucement in the Federal civil defense structure rather
than in puolic health hindered an integrative system of support needed
to sustain an emergency health program, although its transfer to PiAS
was not sufficient by itself. The program did not flourish in the
nighly valued setting of health operations and rcmained deficient under
its auspices. The Division of Health Mobilizetica {(DHM), which was

estallished in response tc the DHEW's emergency preparedness Executive

5

Orders, did not appe2ar to have much status in the departmental structure.
Until 1755, the DiEW leadership paid little attention to the medical
stozkpile program. For years the program was submerged by the inatten-
tion cf tep level leaders whese interest make a Jdifrference to a par-
ticular effort. Lacking in status and ineffective in conception and in
operation, it was isolated from the dynamic setting in which policies
ard decisions are malie.

Sixth, legal restraints continue to hinder efficient operating

procedures. The Federal Property and Administrative Service Act of
12y presently defines excess property as any property under the control
of any Federal acency which is not required by i%ts needs as determined
by the agency's head. The protlem is that an antibiotic is still needed
in the medical stockpile prozram at the same time that it requires
rotatios because of its limited life. The Act does not allew for short-
life items to be declared excess. Bills to amend it have been intro-

duced in both houses of Congress (S. 171y and H.R. ¢+5), such amendments
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permitting the redefinition of "excess property” to include short shelf-
1

life 1tem5.‘3 legislation to this effect is expected in the current

segsion of Congress.

A seventh factor obstructing change was the development of & set

of operating norms over the years, which guided both those responaible

for program coordination and efficient operations and those responsible
for watching over the public funds allocated. This coalition resulted
in the program's justification before Congress fundamentally as it was
for thirteen years, with insignificant adjustments. As long as funds
were appropriated, the situation was perpetuated. When the Bureau of
the Budget withheld procurement funds and did not approve additional
funds, the pretense wag unmasked and something different had to happen.
But it did not happen immediately, as already noted. Resistance to
change was apparent and is not difficult to understand. For years
habits, attitudes and associations had been developed which were asso-
ciated with the then current program. Too ready an acceptance by the
progrem's personnel of the Office of Science and Technology's (0ST)
negative evaluation ~ the review was made for the BOB — would have
amounted to an acknowledgment of fundamental inadequacy on their parts.
It was not easy for the responsible staff in the Office of Emergency
Planning (OEP), and in PHS to admit readily to the BOB-0ST criticisms.
Even though the Bureau of the Budget could also be criticized for
inadeguate survillance of the public funds expended in this program,
it had taken the initiative to correct the situation. At least the
superiors of the budget examiner for civil defense were now insisting
cn accountability.

Eighth, this coalition of personnel from the BOB, PAS, and QEP

contributed to & confusion of three critical functions which made change

virtually impossible, namely, (a) watching over public funds, (b) oper-
ating the program, and (c¢) overall coordination of it. The state of
disarray and ineffectiveness in which the program was found as a
result of the numerous reviews it underwent from 1942 to the end of
1965 appears to support this observaticn. Essenti "ly many of the

same criticismg of the program could have been made almost a decade
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earlier if the surveillance function of the Rureau of the Budget and

the coordinating function of the Office of Emergency Planning and its -
predecessor had been operative. Instead, a high degree of coordination
existed to sustain routine operations.

This coordination subverted the more positive effect that results
frou a secparaticn of the watchdog, opsrating and ccordination functions.
It helps explain why a chang: ir the program's organizational setting
represented by th2 1ludo transfer from OCDM to PiS was not sufficient
Lo have produced a complete evaluation at that time. The PHS inherited
not only program responsibility tut habits, attitudes and assoziations
that had shaped it for a decade. Some of the same persons who had
teen involved in the program when it was in FCDA and OCD¥ ware still
irvolved in the PHS program and thus the same inadequacies persisted.
Some of these individuals had been on loan from the PiS to FCDA and -

OCDM. The presence of a PdS officer on loan to OEP from 1951 to 1aG

only served to mesh even further the coordinating and operating functiors,

thus strengthening the routine maintenance of the program's activities. *
In summary, a.l of these factors together created substantial ob-

stacles to change in the program. The old system of understandings

had to be fundamentally disturbed for change to occur. Several agents .

of change provided such disturbance.

First, thc system of accountability was brought into play when the

Bureau of the Budget requested the Office of Science and Technolegy to

review the program and advise on the 1905 budge. for it. With this one

action, the three functions - surveillance of public funds, operations,

and overall program integration - were separated and the provocative

process of checks and counterchecks reactivated. By its action the

BOB in fact exercised its watchdog function. Necessarily then CEP and

PAS-DIM's response had to be in terms of their official functions which

the BOB action had made operative again. However, some time wasg .
required for the adaptation t¢ be made from the routine administrative

behavior which characterized the emergency medical stockpile program

to the new conditions being set by this action. -

The question which arises is what stimulated the interest of the
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Bureau of the Budget after years of tolerating the emergency medical
stockpile program at its wirealistic «nd unsafe level of performance
standards. A key explanation concerns the Assistant Director of the
BOB who sparked the Bureau's interest and who had the civil defense
operation among his responsibilities. A personal preoccupation of his
with long-range planning and an earlier involvement with civil defense
matters served to lift the program out of its obscure setting into the
limelight for careful scrutiny in the Executive Office of the Pregident
itself.

Second, change was fucilitated by the entrance of the 0ST into the

action arena. 1In effect, a new actor was introduced into the program's

institutional setting with an acknowledged competent staff and with the
full backing and prestige of the President's office. Its participation
signalled to the responsible agencies that the criticism was to be

taken seriously by, that top level leadership was clearly indi~eted. The

lag in their response stemmed more from the program's long-time inert-
ness than from a disregard for the source of simuwlation. Responsible
officials needed to adopt new procedures to extricate themselves from
a well-entrenched cperating environment. Stress was & necessary but
net a sufficient condition fer change. Staff members still had to find
for themselves a way of proceeding which would take them out of their
routine. This was not easy after many years of established administra-
tive practice.

A third sgent of change was the Task Force which served a useful
purpose in that it helped clarify functions. This in turn helped to

clarify roles anew and allowed respongible persons to see & place for

themgelves in the new program environment being created by the Task

Force of which they were working members. 1In effect, they were part

of the process of setting the new ccenditions for the program's operation.

The opportunity to define the situation anew in the context of
the Tagk Force where all relevant functions were represented helped
releage the frozen posture of officials responsible for the program.
Objectives could be explored and reviewed from the different perspec-
tive of the members of the interagency committee before positions got
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solidified and an emotional investment made in them. As one participant

! who welcomed this arrangement expressed the point, "They | the operating N
ﬁ officials! can try some of their ideas on for size as they are develop-
ing them."

In sum, for routine administrative tehavior to change and new
directions to be mappzd, new administrative procedures were necessary.

The Task Force represented such a procedure. 1Its 2reation in August

—

14y, coincided with a stage in the adaptation process of officials to

the changing situation. A readiness to change had had time to develop

in the two year period from the fall of 13 when the Burcau of the

Budget had requested the program evaluation until August 195,. Many

exchanges among the principals and the withholding of funds and approval

of additional funds by BOB c¢learly pointed to the necessity for new

departures in the program. -

r A fourth factor which stimulated change was the appointment

of a new Surgeon General of the Public lHealth Service. Almost

simultaneous with the establishment of the Task Force in August,

the Surgeon General's appointment took erfect in September 1 :ii.

At that time the deficiencies of the program were brought to his

attention by a former respected assoclate. Upoun his own review, *
the Surgeon General decided that the criticisms were justified and

took steps to correct the situation. lils clear orders to implement

‘ the Task Force's recommendations which came out in November 130 and

his filling the vacant office of the chief of the Division of Health
Mobilization identified the leadership in PHS with favoring substan-
tive changes which would put the program on a sound footing. The new
chief of the DHM tock over in the spring of 1%(, to give operative
meaning to the Task Force's recommendation, unencumbered by membership

in the old progran.

17.35 OTHER PROGRAMS
Improved Federal leadership is vital in programs whose opcrative
effectiveness depends in great part on the voluntary cooperation of

ﬁ State and local officials =2nd, in the medical stockpile cas., on private
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medical associations and operations.

Where the emergency preparedness operation is in the hands of a
controlling group, performance standards are much easier to set and
maintain. The leadership function is not diffused among so many actors.
This is the case with planning and practice for the petroleum resource.

Although the responsibility for this regource lies with the Department

of Intericr, the Federal government depends heavily on the organizational

productive, and distributive efficlency of the petroleumn industry in an
emergency. A system of emergency responses has been developed by the
industry in conjunction with the Federal government from World War II

to the present. This has been exercised in peacetime especially by

oll crises generated by political difficulties in the Middle East and
stems understandably in part from the interest of the industry to main-
tain progress regarding the suitability of these responses under nuclear
attack conditions.

The role of the Atomic Energy Commission in emergency preparedness
presents yet another situation of centralized strength. Except for
planning and operations for its own facilities, its involvement in
nonmilitary preparations is in the main a responsibility for providing
knowledge of nuclear weapons effects to the agencies with operating
responsibilities. The AEC has a specific mandate for research and as
a supplier of technical information. Over this activity it has com-
plete authority and brings to bear ite congiderable power 235 thc cxpert
agency on atomic energy matters. 1In this sense, it is a "means" agency
in search of problems. Civil defense is one such problem, linked as it
is with AEC's legislative mandate to care for the public health and
welfare. Aside from its own facilitles, the Comuission does not carry
responsibility for implementing the findings of research.

Data on the Atomic Energy Commiesion's emergency preparedness
efforts have been collected and are presently being analyzed for

understanding the motivating factors for its nonmilitary activities.
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VII. PITATIACK RECOVERY

13. VULNERABILITY OF GRAIN BTOCKS AWD FOOD 3UPPLY

A. F. Shinn

13.1 INTRODUCTION

Although mid-year carryover stocks of grains have generally trended
downwards since the p2ak of 1901, the available crops in the field at
mid-ysar 19C7 taken together with the stccks constitute an apparently
ample suprly for emergency use. The mid-19%7 national food supply i
at ieast 1 months without counting the creps in the field. The geo-
graphiz distribution of the stocks by states is grossly unequal, and
shiows only a few months' supply for some state populations whereas
| others have mary years' supply on hand.

The hational Advisory Commission on Food and Fiber has recomnended
both a prograz for adiucting carryover stocks of major farm commedities
and a vrogram to establish a cational security or strategic reserve of
farm commodities. A spate of Congressioasl bills have appzared in the
wake of their recommendations. General comments are made on the bills
; 2L @ whole.

The oGviously unegqual geograpnic distritution of food stocks under-
scores our dependence upon reliatle transportation for their equitable
distribution in a nuclear emergency. Inasmuch as the bulk of agricul-

l tural cargo is moved by metor iruck, ouvr depznuence cn adequate patroleum
supplies 1s equally evident. The locatiovns of the major distributional
markets in large, probable-target cities suggest that alternative distri-
butional patterns might w21l be delinesated preattack for postattack use.

Frevious presentations by members of this projcct have emphasized
the vuinerabkility of our livestock to nutrlear and biological attack.
Recent, overseas expariences with the viral foot-and-mouth disease of

livestock has demonstrated the extreme difficulty of coping with it.

Since iysine-fortitfied gre=in woilla make a good aiternate source of protein, 8
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it is suggested that lysine logically belongs in a strategic commodity
reserve protram.

The role of the USDA Defense Boards is discussed with reference to
a nuclear attack, and several recommendations for research in civil de-

fense in agriculture are given.
18.2 THE NATIONAL FOOD SUPPLY

Food Stocks as of July 1, 1967

The food stocks of major commodities are diagramed in Fig. 1 simi-
larly to those in previous reports.l’2 MARINE AND FRESHWATER FISH are
relatively irrisnificant contributors to the supply, and the 0.13 days
represents the catch for one month. FARM ANIMALS represent 1C5 days of
food which calculation is based on the livestock inventory for January 1,
1967.3 There are no statistics for mid-year livestock numbers, but this
figure is likely to be a close approximation. STOCKS consist mostly of
graing and the LO5 days are 11% less than mid-year 1966 with a dramatic
shift from 649 in private ownership in 1964 to 337 in 1967. The diagram
includes the estimates of the FARM CROPS IN THE FIELD (GRAINS ONLY).k
The composition of FARM ANTMALS, GRAIN STOCKS, and FARM CROPS is given in i
Table I, page 344,

The enormous amount of 1230 days, or 3.3 years, in FARM CROPS includes
large amounts of food and ted grain which would normalily be exported or
fed to livestock. Not all of the grain supply is mature on July 1lst, and
even considerable harvesting of mature grains remains to be done. Results é
from the NRAC UNCLEX attack* show that there is a 504 probability (bas-~d |
on July 8th weather data) that approximately 604 and 78% of the crop-
land will be available for use in 10 days and 30 days, respectively.

*A 3600-megaton attack devised by the Naiional Resource Analvsis
Center, CEP, and directed against a combination military-population-
industrial target list.
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This suggests that the tulk of the grain crop could be successfully har-
vested after the fallout associated with this attack. The total estimated
national focd supply is 535 days or 12 months, which is about 2 months and
L months less than that of 1966 and 1955, respectively, when comparably
calculated. The figure ig & minimum one because the large amount of food
in FARM CROPS is not included in the total.

Table I. Estimated Days of Food in the Form of Farm Animals, Grain Stocks,
and Farm Crops in the Field (Grain Only) for July 1, 1967.

FARM ANIMALS GRAIN STOCKS- FARM CROPS
Cattle 73 r Wheat 63 232
Food
Kogs 29 . Rye 2 3
Sheep 2 rCorn 233 622
Poultry 1 Oats 15 LL
Barley 8 26
Feed
Sorghun L7 111
L Soybeans 37 132
TOTALS 105 45 1230
. — _— — —_— - ——

18.3 CANADIAN GRAIN SURPLUS

The Canaiian wheat, ocats, barley, and rye supplies considerably
exceed domestic use. It is likely tinat quantities usually destined for
export would be available for purchase by the U.S. in an emergency.
Indeed, it seems reasonable that the two countries would pool their grain
stocks to the best mutual advantage. Canada produces annually somewhat
more wheat than our domestic use. Their 1956-67 wheat exports were 518
million bushels (77 days for U.S. population, 2002 calories daily, 200
million population) and wheat, oats, barley, and rye together totaled
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A3 days.U
1%.4  GEOGRAPHIC DISTRIBUTION OF FDOD STOCKS BY STATES

A summery of food stocks by states at mid-107 was estimated from
A
USDA sources. ’ 7 Only 3 categories were used: grains, livestock, and
processed food. The days of food in each category were calculated at
3222 calories daily for the present population cf each state. The maxi-

mur: and minimum rigures in days for each category are listed in Table II.

Table II. Maximuv and Minimum Days of Food by States.

GRAINS LIVESTOCK PROCESSED FOOU TOTAL DAYS
Minimum 3.3 (Maine, L {R.I.) 20 (Conn., N.M., 3h
N.H., Nev.)
vt.,
Mass.,
R.I.,
Conn. )
Maximum 724%4.0 (Nebr.) 11uh (S.D.) 229 {Idaho) 3136 {Netr.)

Ratio 24300
{Maximum to Minimum)

%]
&
=~
ny
I

The geographic distribution of food stocks is shown on the map in
Fig. 2. The grain stocks are generally stored near the area of production
and hence large supplies of grain occur in the northern central states.
Likewise, much livestock is fed and ranged in these states and consequent-
ly large stocks of eed grains are on hand and yield large food stocks
relative to population. The processed food category is made up of home-
retail-wholesale stocks which are relatively similar on a per capita basis

x
in each state, and stocks which are ready to eat virtually as harvested,

*
Processed food stocks vary from 23 days in Maryland and New Mexico
to 319 days in North Dakota,.

et e et




BT

Ofw 0Bl W2t

P2

LolNeds

.45

L_Processed Food

t
LGrane

Livestock

.
'- ~
e
2 —
—
™
o
~
=
.y a
o
-
] @
+2
P
p >
B
. w
- X
(@)
o
&+
)
3
o
[o]
. [
=3 .
re)
>
| o
o
-+
o
, &
. =
- o

13.2.

~

[ T2 1%
22Z2:2
R
EE E E
~ B
"D = e
5!

B

=T 19-24 montha

months

>34

Years

L

3

9.

*3000 Calories daily for

state population

.

o ._

[

U

o

e R SR e




356

e.g., potatoes in Maine and Idaho, peanuts in Georgia, dried edible beans,
and cane and beet sugar and other sweetenings. The bar graphs in each
state clearly show the unequal distribution of food stocks across the
nation. The states of New England, the Northeast, Atlantic, Southeast,
Southwest, and far Northwa2st have less than one year of food stocks,
whereas the grain states from Montana to Indiane have more, usually much
more, than two years of food stocks. Nebraska, with 22 years of stocks,
has the largest amouat for its population, closely followed by Iowa with
1¢ years, and North and South Dakota each with 17 years of food stocks.

The per cent composition of the stocks by states is deplcted in the
triangular graph of Fig. 3. The state of New York has 31§ of its calories
in grains, 147 in livestock, and 55% in processed foods. The balance is
closest of any state to that of the current U.S. foed consumption pattern
marked bty the star at 219 grains, 137 livestock, and 61% processed foods.
Zip code abbreviations are used for the states. Those states with solid
symbols have more than a year's food stocks, and those with line symbols
have less than a year's stocks.

From these two figures some obvious recommendations for emergency
food provisioning can be made. New Jersey, the New England states,
Florida, and West Virginia have small supplies of foocd on hand concurrent
with a low per cent of stocks as grains. It would seem prudent to store
enough grain in non-target areas of these states to assure feed for live-
stock and humans. This would prevent the decimation of livestock herds
or allow use of the livestock and the stock reed in the event of lack of
transportation for distributing grains from areas of surplus to areas of
deficit.

13.5 STRATEGIC COMMODITY RESERVES

Food and Fiber for the Future

In July l%.7, the long-awaited report of the President's National
Advisory Comuission on Food and Fiber appeared.lb The commission made a
long-range appraisal of U.S5. agricultural and foreign trade policies

and studied the effects of the policies on the U.S. economy and its
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foreign relations.

The portion of the report which is important for its civil defense
implications is the 1l pages which deal with carryover and reserve poli-
cles for agricuwltural commodities. Twn quotations set forth the conclu-
sions of the majority of the Commission members: 1. "The Commission
reconmends establishuent of a national security or strateglc reserve,
including emergency stocks ror food aid. This reserve should be isolated
from the market except as offsetting sales and purchases are required to

maintain the quality of the reserve st‘,ocks.”m’p':2 2. "The majority
of the Comnission recommends a program for adjusting carryover stocxs of

major storable farm commodities in order to maintain reasonable stability

~
-

of available supplies of those commcdities."lo’ p. =5

There has never been a specific emergency food reserve policy, for
past policies were income-oriented. The stocks acquired by the Commodity
Credit Corporation of USDA "depended primarily on price stabilization
policies rather thag on a carefully-defined set of requirements for emer-
gency use. "7 P H

Hearings on proposals for a strategic agricultural commodity recserve
program were held in August and QOctober 197 in the House of Representa-
tives with six bille under consideration.ll In January 1965, hearings
were conducted on three Senate bills on commodity reserves.lg It was
btrought out in these hearings that a study by Frederick V. Waugh of the
USDA at the Commission's request indicated that reasonable total carry-
over objectives would be: 550 to 650 million bushels of wheat, 35 to

L5 million tons of feed grains, 10 to 1Z million hundred weight of rice,
12, p.12

and 5 to O million bales of cotton. The amounts approximate the

annual domestic use for wheat and 2% of annual domestic use of feed

13

grains. In Febtruary 138, President Johnson strongly endorsed the
establishment of a commodity reserve, calling it a Security Commodity
Reserve or National Food Bank.lu He pointed out that legislation to
establish a Security Reserve of wheat, feed grains, and soybeans had been
introduced in 147,

Some legislators are enthugiastic about a Commodity Reserve because

its creation will raise prices for farmers who are much in need of such
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help now. OQther legislators do not favor it because they see it as only
& temporary boost in price.

From the standpoint of civil defense it makes good sense to establish
carryover and reserve stocks and to decide their best locations on a sci-
entific bagis according to reserve needs ingtead of price needs. Moreover,
such a program would likely have a salutary effect on price stability be-
cause the program would be explicit and known to all well in advance.
Although the appropriate levels for carryovers would best be set by the
government, it seems risky to have a carryover of lesgs than & full year's
food supply on the bases used for Fig. 1. Soybeans should be included
in the Strategic Commodity Reserve because in combination with grain they
can provide a protein almost as good a4s meat in the event of a reduction
in livestock.15

Senator Karl Mundt has introduced a wheat and soybean reserve bill
(8.3156) which would set the reserve levels at a specified percentage of
the estimated export and domestic utilization figures. For wheat, the
level would level would be 20%; for feed graing, 15%; for soybeans, 6%.
Senator Ellender, chairman of the Senate Agriculture and Forestry Committee,

16

has recently announced his opposition to national reserve stocks of wheat,
feed grains, and soybeans as too costly and of no permanent help for far-
mers.17

The ferment of activity and inquiry subseguent to the release of the
report of the NACFF appears useful to civil defenre. The suggestions in
the report have initiated seriocus inquiry into the determination of what
carryover levels of commodities are actually needed. Civil defense needs

may be much more clearly defined az a result.
18.6 POST ATTACK TRANSPORTATION AND DISTRIBUTION OF FOOD

The geographic location of food stocks shown in Fig. 2 shows strik-
ingly how much we would be dependent upon postattack transportation for
their movement to areas of need. The rapidly moving change from farming -
an agricultural industry -+ an agri-business is much more than mere seman-
tics. Deeply involved in this change--and very possibly a prime amover in
it--is the ready availability of rapid transportation and new patterns of

AL R W e bl
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marketing and distribution which depend on it. Almost every trend in
distribution and marketing has maie us more dependent on prompt, fast
transportation. The meat packing industry has emphasized this depen-
dency by pointing out that the average pound of meat travels ~ 1200
miles between supplier and conswuer. Such developments make postattiack
distribution of food more vulneralle.

Puslished studies of the effects of nuclear attacks on truck trans-
portation,ld railroad Lransportation,19 freight transportation systems,QG
food processing and distribution,2l and food availability and accessi-
bility,ee suggest that adequate facilities remain for servicing the
swviving population. But would such a4 conclusion hold truc ir millions
more people are saved by advanced strategic defense measure such as con-
tination fallout-blast shelters and antiballistic missile defense?

The proportional share of products moved by rail, truck, and water-
way h&s changed coneiderably since the Jates oi published data used for
the studies. With respect to agriculture, at least, the changes23 have
been sufficient to require an entirely different USDA-develcped method to
estimate the cargo transportation tonnage by commodity and carrier.

In view of our extreme dependence on transportation for the post-
attack agricultural and food industries a thorcugh review of owr needs--

ineluding necessary petroleum products for transportation--is in order.
8.7 VULNFRABILITY OF THE TERMINAL GRAIN ELEVATOX SYSTEM

Terminal elevators play a Key role in the grain marketing system.
Harvested grain passes from farmer -+ country elevator + terminal elevator
from which it is sold to processors, distillers, feed manufacturers,
exporters and others. The terainal elevators are in the principal grain-
marketing centers {e.g. Chicago, Duluth, Indianapolis, Kansas City,
Minneapolis, Onaha, St. Louis) and hence are more vuinerable than the
country elevators which are located among the grain-producing farms.

There ware (5% terminal grain elevators and ~ 7430 country elevators
in 1963.23’ pp.215-21%

in
in

minal elevator

[
(4]

The 1307 storage capacity of a sample of 553 ter-
tates was 1,554 million bushels or 33.57 of the

o<

I
s

(%)

total 197 off-far:k storage capacity.




At

U gl

e LGB MU T e

g

363

Estimates of the losses of terminal grain stocks were made from the
3607 megaton NRAC UNCLEX attack and the 9000 megaton Martin-Latham
attack.25 A worst-case approach was taken, i.e., grain elevators at
targeted cities were assumed to be a complete loss. The locations of the
elevators in the sample are plotted in Fig. b4 and several elevators may
be represented at a symbol. Those elevators in target cities are shown
as black discs. A summary of the results of the two attacks is given in
‘Table III.

Table III. Results of the Unclex and the Martin-Latham Attacks for 553
Terminal Grairn Elevators
UNCLEX MARTIN-LATHAM
No. elevators at risk 165 20k
No. target cities in sample 61 79
Bushels capacilty, 1000 674 847
% sample terminal capacity at risk 26 46
¥ Fopilu.lon loss 51 > 55

The relative invulnerability of the grain storage should be clear
from the following discussion. The 36% loss of sample terminal elevator
capacity is surely much higher than for country elevator capacity becausaz
most of the latter are remote from targets. Even if this figure is used
as the loss for U.S. grain stocks in all positions in the UNCLEX attack,
survival of graein stocks at ~ 64% is much in excess of population survival
at L9%. Moreover, the heavy Martin-lLatham attack does not change this las
conclusion because ~ 54% of grain stocks would survive compared with a
population survival of < L5%.

*
The attack was targeted for 303 cities which would be likely tar-
gets by reason of their population, industry, or military bases.
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The vulnerability of the population is, of course, bsscd ¢ present
protection (no Anti-Ballistic Missile defense, no advanced Civil Defense
such as underground blast shelters) and any optimism regarding the rela-
tive invuinerability cf grain and the consequent adequacy of supply for
the surviving population is equivalent tc pessimism regarding the present
defense system for survival of the population.

At midyear, the loss of food grains in an sttack would be prcpor-
tionally higher than that 5f feed grains because two-thirds of our wheat
and rye is in the more vulnerable off-farm storage whercas the reverse

is true for feed grains as shown in Table IV.

Table IV. Grain Storage, July 1, 1977

TOTAL FOOD GRAINS FEFD GRAINS
(Wheat, Rye) {Corn, Oats, Barley
Sorghum, Soybean:)

On off On off On off
Farms Farms Farms Farms Farms Farms

< 43 57 3 65 £6 3
Days 176 220 22 kb 22k 115

15.8 SOURCES OF PROTEIN ALTERNATE TO LIVESTOCK

Qur livestock is vulnerable to a biological attack. Although our
peace-time preparation to handle outbreaks of livestock disease is ade-
quate,26 it is doubtful that widespread disease could be controlled in

. the period following nuclear attack.

The extreme difficulty of coping with the viral foot-and-mouth

disesse has been accented by the recent outbreaks in England and
. Eotswana.26’27 An oral report by a U.S. veterinarian called to help in

the outbreak in England pointed out that even with cur experience in

et o mosmadarier,

i . sl

s,
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elimirating the diseasc In Mexico (13¥%0=1951) w2 have widerestimated the
amount ¢f eguipment needed.?w For exawpiv, in only one of the 12 FMD
contrcl centers set up by the British, 7O bulldozers, 72 diggers, a0 trucks,
and o fire engines were required for the operations!

From the foregoing it i1s obvious that plans for use of alternate
sources of proteiun should be developed. I btelieve that lysine-fortified
grain would make a good alternate source of protein. For this reason,
lysine logically belongs in a strategic commodity reserve as a hedge
against a livestock shortage. The amount needed to fortify the ~ il
million~-bushel domestic wheat consumption for food would cost 30 million.
Put in a 1ifferen’ frame, a family of four consuzmes about v« pounds of
Tlour and cereal products annually. They could purchase enough lysine to

enrich this annual cereal diet for less than three dollars.
13.3 TiE USDA DIFENSE BOARDS

The USDA Defense hoard system is comprised of representatives of
U3

those USDA agzcncies wiltich have defense emergency responsivjlities. The

system is hierarchic with a national board, o rezicnal boards, L3 state

boards, and ~ ... cowity boards. It would be their responsibility in
an emesrgency to assess the I'cod situation and to implement the post-
attack food plans which have now been developed for each state. Since
the system reachies to our counties, and is there composed of local
representatives who are well acquainted with problems peculiar to their
area, it should function effectively.

State and County Defense Eoards have their cwn Defense Operations
liandbooks which they have used to complete five readiness exercises
dealing with nuclear attack effects on agriculture. The most recent
one was completed in March 1+, It used the CIVLOS-(. {Civilian
Logistics) attack of 137°% megatons aimed mostly at military targets.
Such an exercise regquires fatiliarity with the terminology of nuclear
warfare and its effects and is an eicellent tral.ing procedure. The
County Darense Board reports cof the CIVIAOZ-.. attock were evaluated by

their respective State Defense koards for rurul fire damage, the food

situation, apricultural productien and non-foond requisities, and timber
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resources. Additionally, each State Defense Board prepared a report
of the main actions it would probably have taken during the first
month of the postattack period. Summaries of the reports will be made
later in 1968 and should reveal the potential effectiveness of the
boards in carrying out their missions.

18.10 RECOMMENDATIONS

In view of the probable saving of lives because of advanced
strategic defense measures of the future, the following items are
recomnended.

1. Adopt the recommendations of the National Advisory Commission
on Food and Flber for establishing a strategic commcdity reserve and
for adjusting carryover stocks of major farm commodities.

2. Include lysine amino acid in any strategic commodity reserve
program.

3. Develop criteria for locations of stocks of major food commodi-
ties in safe storage near population centers.

L. Develop estimates of consumer demand for use in determining the
adequacy of postattack fuel and transportation for the distribution of
food. Perhaps a joint effort of the departments of Comzerce, Transpor-
tation and Agriculture would be possible.

5. The State and County Defense Boards should evaluate a high level

general nuclear attack somewhat like the NRAC UNCLEX attack for its effects

on agriculture with special attention to transportation and distribution.
Even a cursory evaluation might well point out difficulties for which
angwers can be suggested.

- -
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19. VULNERABILITY OF LIVESTOCK IN THE LIVESTOCK INDUSTRY

*
S. A. Griffin

This phase cf the general study of food resources 1s concerned with
the vulnerability of livestock and the livestock industry to nuclear
attack. The imporiance of livestock procducts to the American diet, the
potential food reserve represented by livestock and the size of the
industry have been pointed out in previous reports.l

In considering the vulnerability of livestock, it is necessary to
know what facilities are available on farms and ranches for the shelter-
ing and protection of livestock as well as livestock and livestock pro-
ducts in marketing channels. For minimum cogt, protection programs
should be based on the maximum utilization of existing facilities
rather than the development of new facilities. Some degree of modi-
fication of facilities can be accomplished, especially in those situa-
tions where new facilities are being developed or existing facilities
are being remodeled.

Since very little data is available in the literature conceraing
the protection available on farms for livestock a cooperative program
was developed with the Tennessee Office of the Statistical Reporting
Service (SRS) of the U.S. Department of Agriculture. This prograa
was designed to be carried out as a pilot study in Tennessee and to test
the questionnaires which could be used on a national bagis at a later
date. The survey was taken in conjunction with the SRS annual enumera-
tive survey of livestock inventories between November 22 and December 2,
1967. The completed questionnaires were obtained by SRS and returned
to ORNL for summary and analysis.

The scope of the survey in terms of the number of questionaires
envolved; the numbers of livestock and the size of the farms is pre-
sented in Table I. The geographic distribution of the farms gampled
is shown in Figure 1. 1In reporting the results of the survey those
farms with less than ten head of livestock and/or iess than ten acres

of land were not considered as a part of the commercial livestock

*
Associ.te Professor c¢f Arimal lusbandry, College of Agriculture, University
of Tennessee.
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Table I:

Total questionnaires

questionnaires used

372

Scope of Survey

Questionnaires not used {less
than 10 head of livestozk and/or

1. acres land)

Average size of farm

Total nunber of barns

Total nunber cattle and calves

Range:

all ages

Total nuzher nogs and pigs all ages

Average nutter of livestock on farms

Range:

N
<

—
_
£ >

173.4 acres
17-1750 acres
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industry. The sanpiing procedure followed in the Tennegsee survey

the method toliowed by the Statestical Reporting Service of the

USDA for thelr erunerative sWwveys. This procedure is based on the
ccoperation with the USDA and the Rureau of the Census. In this pro-
gram all states and cowsties were divided into wnits based on total

acres of cropland and dollar value of agricultural pro-

were divided into two segments and two adjoining

combines Yo make a cluster of four segments. One segment
Irom a cluster is sampied each time and segments sampled within a
€ rotated every rive years. A random sample of clusters is
used IOr survey purposes. y

The sample ised for this survey of pro-

4
jon aveilisble for livestock in case of nuclear attack wag

Lie same
ic sample usec Tor the USDA erumerative survey of

Tivestock punk

(T

re.

1) AVATLAZLE PROTECTION On TENIESSER FARMS
ihe prote-tion svaeilable for livesiorck iz swumarized in favle II.
Protection rI'a2iors Uor thne LArng

were calculated according to the pro-

ubliishaed in the Rural Shelter Haadbook.
L]
farmns would houge TI.% perzeant of the

“C. T pereent of thie czttle and
ecivion factor of l.3.  This

cagse 0 a moderate to Lari

vie assume radiatiocn does of a magnitude or 74

protection coulé mean the aifference between lethal and sublethal expo-
1

sure.  This lsvel of protection does leave livestock in a vulnerable
position
Tne jata out

ained in thigs swvey indicate that larger portions of
the livestock ¢ indicated by a USDA survey

tagen in 1l .2

zuwld te stwltered thai was
t

the dairy cattle in the southeastern statces could be sheltered as
pared to . percent of ali cattle i
These protecticn fuctors would be conside

as they do nol consider ground

3
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s
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w
o
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ssume an empty barn as
iar ac wiimals are irregularities in ground swurface
whick woldd allew Taliout piarticies 'ail beleow the surface would
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Table ITI: Frotection--Food and Water Available on Farms

Average nrumter of livestock barns per farm
Average protection factor for barns

Percent of livestock that could be sheltered
Cattle
Hogs

Percent of barns with hay stored above livestock

Percernt of barns wit> water available
in the barn

Feed supply stored on farm, under cover (days)

1.55
Range: 0-8
1.5
Range; 1.0-5.kL

o3. 3
Range: & -540
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provide some mass tnickness tetween the radiation field and the animals

and thus re¢ducte thie level of raiiation reaching tie animal. This

factor would te variable from barn to barn. 15 the barns were tilled

with animals they would provide mutual shielding feor each other.

This would vary with the size or the barn and the number of animals.
The supply of feed and water available on farms is an important

factor in censidering a post attack situation which would probably put

rransportation of livesto:

=

feed: at a low priority. The Ieed stored
o varmg «1ill vary with the time of year in relation to harvest cseason
4nd feeding periods with the greatest supply available in late fall. In
the present survey taken in late November and early Dr.enter the average
fe<d stored would take care of the animals on the farms rIcr almost 1.0
davs. Twenty-four pz2rcent of the barns in this study had water availabtle
in the bar:n but this water would be deperndent on elextric power for pump-
ing. This i dicates that water may be a more acute problem in the immedi-
¢te post attack situation than feed. Livestock can survive for some time
without feed tut they will not te able to surv.ve more than a few davs
without water. Thus the livestocok that cculd bte sheltered in an emer-
gerey might need te te released to obtain water while radiation levels

11 too high for safe movenment of humans and animals. It is inter-

esting to note in this context that only one farm in those surveyed hagd

heo availability of shelter the Liwme required to

move livestork to shelter is also an important factor. The time, esti-
rated by the farmers, needed to move livestock to shelter is summarized in
Tacle III. About rifty percent of the livestock could be moved to
shelter in two hours and about seventy-five percent in three hours. The
nunber of livestock on the farm did not appear to atfect the time rejuired
te move them to shelter as much as the organization of the farm.

The majority of livestock barns in Tennesszee are of wood {rame or

Ds

pole construction with wood or corrugated metal siding. The rcofs are
mainly corrugated metal with some asphalt rooiling. Livestozrx facilities
trat are being built at the present time are mainly of pole type con-

struction with scorrigated metal siding and rooi’,  These fasilities zre
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designed for maximum use of equipment for meterials handling and minimum
lator, with hay at ground level and grain and gilage in Lins and silos

that can te mechaniced.

o

1.2, YVALUE OF AVAILARLE PROTEZTION

The value of a protection Factor of 1.7 fer cattle under an UNCLEX
attack was next estimated. The Jdetalls crf the UNCLEX rallout patterns
in Tennessee are suown in Figure 2. Using a midlethal value c¢f +5°
roentgens ror the maximun four-day dose values given in Figure 2, it
was estimated that 3% orf Tennessee cattle {the total cattle population
on Janvary 1, 1703 was 7.3 millicn) would die by the end of thirty davs.

h e
hd

<t

he protection factor were wiiiy ‘no provecticn. L7 would die. Since
nogs have a higher resistznce to radiation than cattle, fewer would dic
in both cases.

The savings of 02, cattle with suck a low F.F. ercouraged us
to examinc the value of low protection factcrs in general. The results
cf the study are shown in Figure * together with the letrality curve
used for the calculations. It can bte seen that ur to ninely per cent
¢f the cattle in Tennessee could be saved by a protection factor near
1 fwith little value from higher P.F.'s), tut that =27 of all
that can be saved by falicut protection alone are saved ty a proteciion
facter of only -.Z.

Iragmach as most barns avaiiable ior sheltering livestock in case
of nuclear attack do not provide adequate protection some alterratives
that would be feasible to the {armer should we congcidered.

Since the level of prctection from radiation is dependent upon

the mass thickiiess of the material separating the animale from trne
radiation field some additional protection carn te ovtained bty placing

a mowid of dirt arcund the baran. If the mow.d was - feet in height and
reasonably uniform in thickness and the entrance protected by sand bags

I

the protection tfactor could be increased :ro. atsut 1.Y% for a pole bvarn

<t
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o
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5
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ration of this procedure is givern in the follow-
ing examples 'Figures * and 5). Fluns f1llustrating tnis procedure have
iveied by USDA through. the Federal Exte:rsion Service and the

tr
varlious Stute pEtonsion Sorvicre.
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Fig. 13.2. Details of UNCLEX Isodose Contours for Tennessee (Numbers

Represent Four-Day Maximum Dose-Roentgens).
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20, COGT OF CONVENTIONAL ¥00D AS All ITh+% IN A FOOL: RESERVE PROGRAM

C. D. Garland and J. A. Martin
23,1 INTRODUCTION

The reguired amount of protection asainst the risk of starvation
in the case o & nationzl emergency is diificult to assess. It is Lotk
and inseparably a moral and economic question facing the nation and every
newber of owr society. Any food reserve program will be governed to a
large extent by the cost factor. The cost or a food reserve prograr is
primarily a function of the type of foods to be held in reserve stocks,
the amounts of food to be held per capita, and the geographic concen-
traticn or dispersion of these stocks.

This study is concerned with the economic alternatives of holding
emergency food stocks, Comventional and unconventional roods and the
location of these stocks are to be considered. Kowever, the purpose or
the initial phase of the study reported here is to investigate the cost
c? establishing ana aaintaining a stockpile of the usual typ=s of pro-
cessed rfoods. The next phase will consist of an analysis of the use cof

waconventional foods.
2o PrROGRAM COLTENTS

A diet compozed of the usual food items which the American con-
sumer is accustomed to eating can be considered as an extreme on the
continuum of alternatives relating to the establishment of an emergency
food reserve progran. In the event of an emergency this program reguires
very little sacrifice in the food consumption habits of the populaticn.

The primary program restriction would be that highly pzsrishable toods

o

must be canned or d:obydrated for sterage.

1
Cost estimates or the food are based oa 14654y wholesale prices.”

Surveillance cost was calculated on the basis of a charge of 110 per lot

for each inspection. This estimate was approximatedi from feegc charged

o1

by the Federal Ceonsumer and Marxeting Service. 1t was assuned that short
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shelf life foods would be inspected twice a year, while other food items
would receive one inspection per year. The storage stability or shelf
life of the food items was based upon studies conducted by the Georgia
Experiment Staticn, U.S. Department of Agriculture, technical reports,

2,3%,k,5

and correspondence with private industries. Storage and handling
charges are based on storage rates paid in 1955 to commerciel warehouses
by the Commodity Credit Ccrporation on processed food items held in its
inventory.j

A relatively rich and varied diet for emergency use is presented in
Table 1. The food supplies included in this diet are capable of previding
one person 3000 calories per day for one year. The supply of protein,
calcium, thiamine, riboflavin, and niacin meets the recommended allowances
established by the National Academy of Sciences.7 However, the level of
vitamin A and ascorbic acid is less than the recommended allowances.

The total cost for the establishmert and maintenance of this program
for one year is approximately $136 per person. Therefore, to launch a
prograu of this magnitude for a population of 200 million would require

+
F

expenditures in the excess of 737 billion dollars. The initial cost of
this program for a population of 207 million makes it unrealistic. How-
ever, adjustments to any lower level can be made according to food intaxe
level, the length cof the expected ewergency, and the estimated number of
individuals to be fed.

One important varialle in the maintenance cost of this program is the
rotational outlets available for the food taken out of storage (that is,
the value of the food for re-sale). Consideration is given in the next
section to thne possibility of rotating fcod items througnh the normal

channels of trade, into animal focds, and other outlets.
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25.%  ALTERNATIVE ROTATIONAL QUTLETS

22.%.1 Hormal Thenelgs of Trade

A nationwiae swrvey conducted by the United States Department of
Agriculture in 1903 determined that warehouses held sufficient stocks
to provide 137.3b gays ol food per person at a consumptiocn level of 3803
calories per day.b The nermal turnover rate of various types of food at
the wholesale level is given i: Tatle II.

Taple II. Normal Turnover Rate of Various Types of Food at the Wholesale
o
Trade level”

Food Items Turnover Rate

Cannied Fruit

s znd Vegetatles 1 monthrs
Flour 1 month
Sugar < days
Coffee 1 month
Other Beverages Z months
Evaporated Milk 1 month
Canned Soups © weeks

Thke role of the normal channels of trude as a device for stockpiling
food is visualized as a mechanism for increasing the amount of food in the
pipeline. In other words; the warehcusemen would receive compensation for
maintaining above normal inveniories of nonperichable tood items. The
capacity of the normal channels of trade to function as a mechanism for tne
stockpiling of food is restricted by the amowit of nonperishable food that
rormally flows through the channels. Table IT1 illustrates tue quantities

of processed or nonperishable food that normally flow through the market
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Tatie III.Annual Per Capita Ceonsumption and Caloriec and Protein Avallable

NI

rrt

rom Nonperisihable Food Groups, 1oa:7

Calories Frotein Pro-
Providzd vided per Day. H

Food Items Per Day Grams .
Canned Meat 1. 7¢ el
N.F. Dry Milk 5.0 2602 DL

.. - .
Dried Egazs - N .
Fats and Oils 2u.0 Zlh, » .
Flour and Other
Cereal Products 10700 uToenl 1..54.
Dried Beans Peas
and Nukte 1.6, Ta.TT .3
Dehydrzted
Potutces .58 - cl

i
Canned Vegetatbleg WAL 1.5 1.11
.

Canned Fruits Taa “l T S
Sugar 1°1.7° RS —_
Coffee, Tea,
and Ccco 15.G0 il.50 i

Totals LT 15030k T
“Rased on production.

.
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channels and is utilized by the consumer, and the food energy and protein :
available from these supplies. ?

The "typical" American consumer utilized approximately 405 pounds of
processed or nonperishable food in 17 which furnished sufficient calories
for 1G5 days of food. The protein available from these supplies is pri-
marily of plant origin and sufficient for 159 days. Consumption of these
supplies will vary by geographic areas and, over time, gradual changes
will occur in the per capita consumption of these food items. If a %
month turnover rate was assumed for the above supplies, they would provide
ample calories for .5 days of food. The value of the food items in-
cluded in this 9 days supply of food would be approximately #LC per per-
son. Thus, for a population of 2C0 million the value of these inventories
would be $7.97 billion dollars. Assuming a © month turnover rate, no
surveillance costs is charged against the inventories. However, the
storage and handling cost would amount to £1.22 per verson. Given the
asswuption that the ownership of the food items remains with the ware-
housemen and that he receives compensation for maintaining designated
levels of inventories, the cost per year of maintaining this program for
& populatior of 20¢ million would be approximately $722 million dollars,
with compensation on the investment of the wareliousemen assumed at a rate
of ¥ percent. Furthermore, it is assumed that the value of the inventor-
ies rotated out of storage would be equivalent to their acquisition cost.

All warehousemen would not be capable of bearing the burden of making
the additional investment required to accommodate this program. However,
another alternative would be for the additional inventories to be owned
by the government or provide the capital in the form of & loan to the
warchouscmen. Furthermore, these calculations are for nonhardened ware-
house facilities. Additional incentive would be required for the ware-
housemen to relocate their facilities outside target areas and for the
warehouses to be constructed in such a manner that they possessed a de-
signated protection factor.

Tlie relationship between the nonperishable food which normally flows
through the market channels and the prcviously proposed diet is shown in

Table IV. Assumning a yearly turnover rate, the normal channels of trade
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Table IV. Relationship Between the Diet Proposed in Table T and the
T

Capacity of the Kormal Channels of Tradie to Absorb Food

Items, 320) c/day One Person, One Year.

Designated Normal Stocks To Be
Per Capita Per Capita Rotated Into
Food Items Consumption Consumption Other Qutlets
Pounds Pounds Pounds
canned Meat a5 le. oo 000
N.F. Dry Milk R 5,40 37.10
Dried Ezgs K .oh Lote
Fats and 0Oils 20 S50 5.7

Flcur and Other

Cereal Products 2573 .70 191,00,

Dried RBeans,

Peag and Nuts o 50 Ly,

Dehydrated

Potatoes 14 L5 1:,42

Canned

Vegetables 7o NELS Jullis

Canned Fruits 57 2l 7.2

Sugar 3% 101.° O

Coffee, Tea,

ard Cocoa 9.7 18,50 o
Totals T Li7.%2 o, 7h
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are capable of absorbing 3i30.G2 pounds per capitu of the estimated 797.7

o)
7
pounds of food per capita included in the proposed diet. Consequently,

supplies sufficient for 151 days of food can be rotated into the normal
channels of trade.

Assuming that the ownership of the reserve stocks rotated into the

normal channels of trade remains with the warehousemen, thege stocks
sufficient for 151 days of food would have an initial value of $6£.GS

per capita. Thus, the total value of these stocks for a population of

200 million would be approximately $£13.3 billion dollars. Maintenance

cost of this sector of the program wowld be approximately $1.23 billion

decllars per year. The warehousemen again is compensated at a rate of

& percent on his investment and storage and handling and surveillance
charges are $2.15 per person.

Other rotational outlets would have to be utilized for this progran
to provide sufficient food for the present U.S. population for one year.
Approximately 426 pounds of food must be rotated into other outlets.

Alternative outlets include export markets, foreign aid, and rotation

into animal feeds. These alternatives are considered in latter

sections
of this report.

~e o s
alie Sag

Rotetion of Food Stoel.. into Animal Feeds

The livestock feed incdustry is a substantial and complex sector of

our economy. In 1945 161 million tons of feed concentrates was fed to

livestock. Of this total 26.15 million tons were in the form of comumer-

cial feeds.9 Several conventional food products are presently available

for use in animal feeds. These products are primarily available due to

deterioration in quality or the rfailure of the product to sell on the

market. Some of the products which &re available are; dried bakery
products, flaked cereals, cake mixes, candy, macaroni, potato chips, and

cream substituterz. The feed manutfacturers normally do ot buy these pro-

ducts directly. They are purchased by intermediate companies which un-

package, screen, grind, and tlend them together into a wiform product to
offer to the feed manufacturers.ll

Substantisl ecoromic losses are incurred in utilizing conventional

s aka

. a1
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foods in animal teeds. The present technology in the container and pack-
aging industry prevents the utilization of some of the presently aveailable
food products in animal feeds. In several instances, due tc handling cost,
food products in small packaging units are not presently used for animal
feed. Theretore, tectiislcgical progress in the packaging and container
industry can exert a tremendous influence upon the econonics of converting
food products irte arimal feeds. It may become pcssible to handle food
"without any packaging at all, or at most with a plastic wrapper."l?

If the assumption was made that the increased unpackaging cost could
be overcome, economic losses would still be incurred due to the prices of
other feed ingredients. The food products must compzte with traditional
feed ingredients in the formulation of animal feeds. In the following
analysis a value of one and one-half cents per pound was assumed for the
Tood products rotated out of storage into animal feeds. This estimate is
tased on the present mariket and the price of other feed ingredients. For
example the average price of number 1 fine sun-cured alfalfa meal was ?
certs par pound in 124, and the average price for number 3 yellow corn
in the Ksnsas City marxket was .57 cents per pound in ltni.?

Due to low2r quality stan:

VA,

ards, one major advantage in “he rotation

of Tood stocks into animAal Teeds is the increzsed acceptatble shell life
of conventional foolds, thus reducing the handling cecst in the storage
prozess. The compocition of this diet is identical to the one presented
in Tatle I. Table V shows the shelf life cof the fo>3 items, replacement
stocks reguired to praovide one person 000 czleorics per
and the maintenance cost for the operation of this program.

The total cost for the establishmert and maintenance of this progran
fer one year for 200 million people would reguire expernditures in the

excess of 137 billion dollars. Approximately Ji€.3 billion would be re-
quired to acquire the stocks, 7-#4. million for storage and handling char-
ges, and an aiditional 1> million for surveillance expenses. The cost
per person isg f17%1..5, f..sl. and f.0- for mcquisition of th-~ stocks
storage and handling charges, and surveillance cost, respectively.

After establiishment, the yearly maintenance cost for the operation

of this program would be approximately {3« per pesrson. Expenditures for
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Table V. Food Supplies, Shelf Life, and Maintenance Cost of Providing

bTate)
i

3030 Calories per Day per Person for One Year.

Maintenance Operations

Shelf Life Pounds Cost
Years Per Year Per Year

Canned 7 12,14 $ .34
N.F. Dry Milk 5 15.6 5.18
Dried Eggs 5 1.4 1.27
Fats and Oils 5 5.9 1.66
Flour and Cther 10 o233 5.9
Cereal Products
Dried Beans
and Peas 12 £.5 C.o
Nute 7 1.63 Cot7;
Dehydrated
Potatoes 5 2.2 .97
Canned
Vegetables L 1.0 .61
Canned Fruits 3 1%.99 2.6
Sugar indefinite G 0.1k
Instant Coffee
and Tea 5 1.34h 2.87
Cocoa Powder 3 Y 0.55

Totals 110,34 $33.87




(a8

the replacement of stocks rotated out of storage would amount to ;
per person, while storage cost would be approximately '<.7% per person.
Thus, for a population of -’ million a yearly outlay of apprcximately
tillion dollars would be regyuir=d to maintain the stocks. Additional
expenditures would also be incurred due to the expected premature spoilage
of some food items. Approximately 1l pounds of Tond per capita would be

-~

annualily rotated out of storage into animal feeds. The value of these
stocks rotated into animal feeds is approximately &34+ million dollars
whiclh is lesg than one-fourth ¢f the first years interest on the criginal

investment, assumning an interest rate of i percent. This illustrates the

prohibitive nature of the economic losses susteined in rotating convertional

foods into arimal feeds.

Ny

~.3.> Other Outlets

1t might appear that the federal food distribution precgrams would
be capable oo runctioning as a rotational outlet Tor reserve stocrc.  ow-

ever, the magnitude otf theg2 programs is insigrificiant in termg of their

<t

capacity to alsorl stocks rotated out of storage. For example, in the

By -

year teginning July 1, 1 «% on the tasis of a popuwlation of 1« million

o]

pzoglec the school lunch progsram utilized only 2.7 pounds of food per

capita. Lirkewise, the {os3d distribution programs serving institutions
and needy persons would have provided only 9 pounds of food par capita.
Other outlete that eowldd be considered include rotation of the food
items into export markets and the coordination of this program with the
foreign aid progran. Howaver, these reserve stocks would be distributed
throughout the United States resulting in & complex and expznsive tran-
portation problem. Other typess of {food would appear tc be more suitable

for the foreign aid program. Furthermore, in the donation of food caution
nust be exersised so that the food aid does not reduce the incentives of
2

indigencus 1ood producers.
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21, PLAUNING FOR _ECONOMIC RECO/ERY FROM THERMOVUCLZEAR ATTACK

R ]
L. A. Patterson and J. K. Moore

Planning for postattack economic recovery must rely on assumptions

as to {1) the extent of attack damage and (2) its effecl oun the customary

social and economic instituticns. We have not accepted the hypothesis
that the nuclear disaster mereiy represents one segment of a "disaster
continuam." This continuum corcept, explicit in some of the surveys or

past disasters and implicit in other such studies, appears to us to sug-
gest that the differences betwzen light, mediws and heavy nuclear attacks
can te conceived of in terms of differences in the time dimension of the
recovery period znd’or in the spatial extent of the conseguances Ins

w2 believe tnat different levels of attack may involve

as quantitative variations and that dirferent xinds cof recovery olang may
be called for in each case.
From the point of view cof econcmic impicts it is uscial <o establish

at least three attack classes or levels. One, a "lig
attack, can be defined as an attacx which doces not
of the econotnic system as we know it preattack. 1t i. difficult to in-
dicate specirically tne magnitude of thic type of attack, tut pzrha

would fall in the 3-2,3.C megaton range.

aps iv
This 1s the type o1 attack from
which we can recover by "muddling through™ with essentially our present
policieg and approaches. Good or bad planning may hacten or retard the
process, but recovery can be brought about without any Tundamental change
in our economic institutions.

A second level of attack we will call "heavy”. Such an attack might

range in megatonnage between h,0

and 20,7 1t is an attack of suffi-
cient size to place recovery in doubt wunder present plans and policies.
By definition there will be little or no margin for the sort of gross

piauning errors that merely retarded the ecoromnic recovery of the Soviet

»

L. A. Fatlerson, Associate Frofessor, J. K. Moore, Yrofesssr, of bconomics
3 ’
s

College of business Administration, University of Tennessee.
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Union after 1917, or of the United States after 1229. Rather the quality
of preattack preparation and of postattack implementation and adjustment
will play a crucial role in determining whether or not recovery will take
place.* To paraphrase gome of Winter's work,l in the "heavy' attazk case
recovery will depend on the citcome of a race between the reestablishment
of output to subsistence levels and the depletion of our preattack stocks
of subsistence goods. Whether the race ig won by growing output, result-
ing in recovery, or by the depletion of stocks and the ultimate disappear-
ance of a viable nation, is critically dependent on the quality of pre-
attack economic planning.**

A third level of attack might, for lack of a better phrase, be called
"ultimate." This is an attack of such @ magnitude, perhaps involving
delivery of 5G,000 megatons, that national recovery is beyond hope. While
such an attack differs in megatonnage from the "light to moderate" or
"heavy'" attacks by a scale factor, the economic effects of these variations
are clearly discontinuous. While the "ultimate" case appears to be ruled
out now and in the near futurc by technological consideration, we include
it in the discussion to complete the set of theoretical possibilities.**”

Neither the first nor the third level of attack has been extensively
considered by us in our approach to the recovery problem. For the "lignt
to moderate” attack it is our impression that present plans and prepara-
tions may be sufficient; for the "ultimate' attack preparations at any

level may save lives, but the restoration of a viable economic system within

*
Recovery is rather narrowly defined here tn mean the attainment of
sustained economic growth, i.e. production in excess of current consump-

tion, within at least one generation, without an extensive loss of life
due to shortages in the interim.

+

t is alsoc dependent on the survival of a strong central government
and on a set of public attitudes ccerpatible with recovery organization.

These are non-econoric factors, but we have considered them where relevant
to economic planning.

R
An example of such an attack might be many tens of thousands of
megatong of groundburst weapons which might deny access to land for so
long that evacuation of the swrvivors would be nececssary.
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where a major planning effort might be justified.

If fact, the focus of our study is narrower. Case VI, where re-
covery is only possible is of greatest interest, and we have confined ~
our attention to the situation in which a "heavy' attack results in a
decline in surviving capital wealth per capita. A solution of case VI
can be said to solve all problems which at pre . it appear to be both >
significant and solvable. Furthermore, the underlying assumptions of
the non-favorable reccvery case is consistent with the focus of other
activities in the ORNL Civil D2fense Researclh Project aimed at the
preservation of lives in the event of a heavy attack. A system designed
to save lives must also be concerned with the reestablishment of an
economic system capable of supporting the survivors.

In sumnary, tien, the basic point of view of our study is that
recosery is "av risk" under present policies and with present prepara-
tions. This means all aspects of the economic system must be examined
for their possible reaction to attack and for the alternatives we may
reasonably expect to be available to assure that our econocmic institu-

tions will meet the requirements of the postattack environment.
21.1.2 Problems ¢f Underdeveloped Areas as a Model

It is usually helpful in thinking about the unknown to relate it
ag far as possible to what is known. Thus the literature dealing with
nuclear disaster contains a number of references to past disasters as
& frame of reference. Similarly the idea of a "disaster continuum"
represerts such an attempt. We believe it more fruitful, however, to
find a parallel between the problem of post attack recovery and the
problems faced by underdeveloped countries.

Economies facing development or redevelopment are confronted by
many of the same problems. In both situations, for example, primary
activity (agriculture and other extractive industries) is likely to .
predominate, with the policy emphasis concentrated on establishing or
reestatlishing secondary activity (manufacturing). A second parallel

involves the capital/labor ratic. In the "survival unfavorable' cage d
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on which our attention is focused .his ratio is likely to be quite low,
as it is today in the unierdeveloped areas of the world.

A third similzrity involves lack of spatial integration. 1In both
cages spatial "dualism" is likely to be characteristic. Dependence on
the cutside world may be another srea of similari.y. Just as under-
develioped areas are heavily dependent upon the developed world for
development imports, €0 may the redeveloping world be dependent upon
the surviving portion of the world economy.

A major characteristic of the underdeveloped world is lack of the
appropriate infrastructure--the melange of basic industries and facili-
ties such ag transport and communications on which the entire industrial
superstructure depends. It is our feeling that establishing the appro-
priate infrastructure particularly in its institutional dimensions, may
be the most formidable tagk in planning for post attack recovery. Further-
more, infrastructure industries such as railroads, communications and
banking are likely to suffer more physical damage than other-industries
which are more widely dispered or less vulnerable.

Techniques of production which are suitable in one econcmic climate
are often unworkable in others. 1t pays many American farmers to use a
great deal of machinery, but the use of a tractor or a similar labor
saving device would be completely out of the question in mud of India.
Thus although "advanced technology" is available to the underdeveloped
economies it is often not adaptable to their situation. The appropriate
technology at any one time and in any place depends on the price ratios
for productive inputs (such as land, labor, capital and management skill)
which in turn reflect the relative scarcities of these resources. Distor-
tions in the C/L ratio as a result of nuclear attack would render many of
our production techniques just as useless at home as they are at present
in the backward areas of the world. Adjustment to a new pattern of
relative regource scarcity may be difficult since it may require operating
on a portion of the production surface with which we have had little or
no experience.

Extremes of wealth and proverty are characteristic of most under-
developed areag. Similar inequalities would no doubt exist in a
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postattack society due to unique initial positions and the uneven distri-
bution of prompt and residual attack effects. Sone argue that in both

the development and reconstruction cases some nmeasure nf income and wealth
equalization is prere aisite to further expansionary activities. Further
discussion of this problem is found in Part 3 of this chapter.

On the basis of these observatlions, we think the anclyst can profit
from thinking about the recovery problem in the context of the developuent
problem. At the same time we should be aware of the risk of pushing an
analogy too far. While there appear to be obvious pérallels there are
alsc important differences. For exauple, the postattack econemy will
survive with some capital resources which are much more sophisticated
than those available in usderdeveloped countries. Furthermore the sur-
viving population will be one experienced in responding to the stimulus
of economic reward, a populution accustomed to change and to adaptation
to change, & relatively well educated population, and a population with
a high skill level. Additional differences couid be *rdicated, but the
important fact is that thinking in terms of underdevelopment, while by
no means the whole of the analysis of postattack economic recuperation,
does at least provide a desirable tie with a present reality and does at
least indicate a starting point in the specification of some of the prob-
lems. Such an approach, for example, brings out the probable need for
some important institutional changes if recovery activity is to be
quickly and effectively undertaken.

21.2 THE BASIC PROBLEM

The basic problem is how to provide preattack for the survival and
recovery of the nation's economy. The sclution path involves detailed
studies of the industries somehow determined as essential in order to
establish their critical survival and recovery characteristics. Such
investigations would examine factors such as location, adaptability of
varioug production processes to input substitution, and the nature of

possible dependency relationships among and within these essential
industries.




However, a modern economic system involves more than physical
production. To function at all it requires complex supporting and fac-
ilitating institutlons. These include systems for physical distribution, ;
communications, and finance, and, most important of all, an over-all :
control mechanism. In the United States the latter is frequertly descri-
bed as "free market", although as Galbraith2 has noted our most important

econiomic activities are decreasingly left to the vargsries of the market -

place as corporate planners and political administrations work to elimi-
nate economic uncertainty. At any rate it appesrs folly to ignore the
infrastructure by assuming it will function esgsentially unchanged follow-
ing an attack. Equally unsatisfactory, it seems toc us, is the attitude
that certain preattack institutions are so sacred that their failure to
operate unchanged is equated with a failure of the entire political eco-
nomic system. Opposition to contingency planning for monetary reform
may fit this category.

The probable nuclear damage to ouwr nation's economic infrastructure

is increased by the geographic concentration of its physical aspects.
Furthermore, the impact of nuclear attack on the infrastructure sectors
may differ subetantially from that of the goods producing sectors where
the important dimension of damage is physicsl or quantitative. The
infrastructure may also suffer intangible or qualitative damage, probably
because of the physical losses, but also because of possible changes in
economic expectations resulting in a conflict between the short-run goals
of the individual and the long-run recovery goals of the society.

21.3 ECONOMIC ORGANIZATION AND CONTROL

The organization of an economic system might well be considered the
most important of economic resources--where economic organization is de-
fined as the framework of leaws and customs that direct and cconstrain in-
dividual and corporate behavior. In a "well organized" economic system
individual behsvior will generally be in harmony with the averall goals
of society. Thus in our gocisty the individual is directed, primarily by
economic incentive, to produce the goods and services society wants. The




values o7 the roclety partly determine the wants and therefore the kinds
of legitimate economic activity.

Thus at a moment of time, a satisfactorily functioning or equilibrium
economic system is a melange of individual and collective activities,
directed primarily by economic ircentive, and constrained by the values
of the society. The equilibrium economic organization for the postattack
ecor.cmy will be different to the degree that values are different and
perhaps also to the degree that there is perceived "slack" or "margin for
error' in the system. Hence any attempt to plan the ideal postattack
economic system must make some assumptions with respect to values and to
slack. The usual assumption in the literature is that postattack values
will be the same as preattack. Howesver 1t appears to us that the weights
assigned to particular values change azcording to the perceived slack.

For example economic, and to some extent political freedoms, received much
less emphasis during all-out war than in the normal peacetime envircn-
ment. Given our assumption of "recovery at risk” ws= believe that exten-
sive controls lesigned to assure the optimal allocation of survival and
recovery resources will be acceptable as well as necessary.

We would nct go so far as to characlerize this state of affairs as

' a term used in the Project Harbor report3 to

"disaster socialism,'
describe a complete postattack government takeover. While there may

be substantial intervention by the Federal Government, we would expsact
all such measures to be regarded as temporary. Once recovery has been
accomplished we have no reason to presume that the basic values of the
preattack society will not resume their normal weights.

What are the areas that may require a degree of government inter-
vention? In addition to tne customary intrusion into the allocation of
essential productive resources and scarce consumer goods, & nuclear wir
would bring new problems. One of these is the indemnity question. There
will also be a set of special problems facing the business sector. These
are management succession, asset ownership, and debt moritoria. Although
we have found some recognition of these prcblems in the literature there

are relatively few solutions suggested that fit our view of the post-

attack envircnment.
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21.3.1 Problems of Ownership, Succession and Debt Monitoria

An attack of the magnitude assumed here would probably wreck heavy
damage on many corporate headquarters and financial record centers. Would
the managers of branch plants located in the hinterlands be able to make
decisicns if the home office has been wiped out? Who would have the
authority to make the necessary staff realignments and policy decisions?
One expedient would be the appointment of the senior man in each plant
so affected as a Federal agent for the duration of the emergency, author-
izing him to manage the plant in the same way that he might if he had
received complete authority from corporate headquarters, subject to any
additional constraints imposed by the recovery plan.

Several authors have discussed the special problem of debtor-

b,5,6. It is their consensus, and ours, that some gort

creditor relations
of debt moratorium would be necessary. However, present official plans
restrict moratoria to "hardship cases" perheps to avoid what one official
study described as "paralysis and decay" and loss of "all economic mo-
mentum"7. For the sort of misfortune assumed here, paralysis, decay,

and the failure to regain economic momentum are more likely to result
from an imposition of tr~ dead hand of debt than from the recognition by
both debtor and creditor that the fortunes of war had left them both fac-
ing a tabula rasa.

There is also the problem of ownership and control of asgets un-
claimed by preattack owners or their immediate heirs. Normal legal pro-
cedures will be impossible in the immediate postattack period because of
the probable vast number of cases and the urgency of resuming production.
A reasonable suggestion requires the government to assume ownership until
the recovery has been accomplished end such property can be s0ld to the
public or returned to its legally determined owners.

21.3.2 Postattack Economic Controls

The recovery problem is to organize the surviving resources so that

economic growth--recovery--can begin, The resource inputs include labor,
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the goods and services necessary to maintain labor (wage geoods), the capi-

tal goods and materials necessary to produce wage goods, and capital goods

for replacement and growth. During the early postattack period output >
may be less than current consumption with the differetice coming from

preattack stocks of wage and capital goods. But if recovery is to take

place at all, output must grow to equal and finally to surpass me-e d
survival levels of consumption.

Recovery will be assured and speeded to the .i-grece that inpuls and
stocks are allocated to their most efficient recoverr use. Ry our assuup-
tion there will be no slack in the economy--no possiv.lity of safely per-
mitting non-essential conswunption. However, non-essential consumption,
and the production to support it, will taeke place, except uader fairly
rigorous controls. This is btecause postattack wealth and income positions
will not bte homogenocus. Some individuals will be left with wealth or
provided with income sufficient to take care of their essential needs
and to permit them to demand non-essentials as well. In terms of minimiz-
ing the time required to reach the recovery take-off stage, this "excess" .
demand, if satisfied out of current production or out of stocks of other-
wise essential goods, can be described as wasteful.

One solution of this problem simply calls for the confiscation of v
all such "excess" income and wealth. This is not gencrally assumed to
be feasible because (a) it contradicts flagrantly our traditional ideol-
ogy concerning wealth and income, {b) it would probably have severe dis-
incentive effects, contributing tc more waste than it would alleviate,
and {¢) it would be very difficult to administer.

Thus we are left with the problem of allocating the postattack
resources to minimize recovery time (or to maximize survival and re-
covery output), subject to the constraints that everyone is provided
with esse.tials for living and working and that the disincentive effects
of the control system do not offset its theoretical gains.

Present official plans for postattack resource allocation are
largely of a conventional "tried and true'" sort. As outlined in the
National Plan and other publications8 these approaches rely on some

mixture of monetary and fiscal controls to prop up and regulate the
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financial sectors while rationing and price controls are used to allo-
cate congumer goods and services. A significant innovation over the World
War II system is the allocatior of material resources through e computer-
ized system (PARM) developed by the National Planning Association.

Assuming adeguate information on stocks and flows, this system
shouwld provide much better materials allccation than was heretofore
possible simply because the internal consistency of the allocative
system may be determined ex ante rather than ex post. A considerable
body of criticism of this approach already exists-7 Generally these
criticisms imply that the envisioned controls won't work because they
haven't worked in the past, or that they won't work because the damage
will be too severe for all but the most rigorous of controls. The
first criticism we believe to be wrong at worst and unfair at best. Con-
sidering the magnitude of the problem in a pre-computer, pre-input/out=
put matrix age, the control system of World War II worked very well in
the United States. At least production rose to meet record needs and
prices were held reasonably in line. If German or Italian postwar exper-
lence with these sorts of controls is taken as an indicator, the perfor-
mance appears mucli worse. However, in neither of these countries is the
experience symmetric with what we might expect postattack. Thus we would
expect that for the attack effects hypothesized in cases I-IV and perhaps
even in Case V of Figure 1 the existing plans would be satisfactory, ale-
though perhaps not ideal for each case. Should results fail to bear this
out, official plans can be adjusted. For in none of these cases is re-
covery itself in doubt -- only the duration of the recovery period will
be affected by the quality c¢f the economic control mechanism.

But as implied above we do not believe that the present official
Plans are adequate for tle cage VI situation, with recovery in doubt.
And, by our definition of this postattack environment there will not be
encugh time (resources) to allow for the luxury of adjusting the policies
as the need arises. Thus while it is concelvalle that plans for currency
reform can safely be postponed until the actual need for such a drastic

step has become obvious, it should also be realized that ‘r s given sit-

uation there may riot be enough time to devise a proper ia-. ving one
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on the shelfl makes morc sense.

This is not to deny a rational basis for refusing to develop alter-
native plans to fit different postattack situations. There is a fear, >
not without historical precedent, that the imposition of an unfamiliar
control system would trigger a "crisis of confidence" which in turn
would lead to the abandonment of money as a medium of exchange and i
imcediate revision to a barter economy.9 Thus a "business as usual"
approach, relying only on more familiar qualitiative controls, is sup-
posed to maintain economic momentum in the crucial days immediately
following a nuclear attack.

There are additional probvlems connected with any alternatives that
involvse currency reform. It requires central bank control which in
turn implies some degree of central government survival. And, i1f there
are preattack expectations of postattack currency reform, a period of
rising international tensions could precipitate a monetary crisis as
people attempted to convert their more liquid assets into "hard goods"
that might be expected to maintain or increase in value postattack.

Each of these objections may have validity given certain circum-
stances. But for the rostattack situation we have assumed they may
not be overriding even if they are otherwise valid. Before describing
one possible variant of an alternative economic control mechanism we
will outline briefly our view of the above objections to non-traditional
control methods.

First of all, with respect to the crisis of confidence, wec telieve
that the overall crisis is going to be such that particular economic
measures which are in themselves workable cannot magnify the crisis.
The early days of the postattack period will hardly be a time to expect
any investment activity. Rather drastic economic policies that are
forthrightly advanced by the central government (or its surrcgate, the
Federal Reserve System) may be welcomed and inspire the sort of con-
fidence that will lead to an early contribution to recovery from the
private sector. On the other hand an unsuccegsful attempt to maintain
familiar institutions may retard recovery and may also have undesirable
effects on expcctations that carry over into any reform period.
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A possibility cf barter makes some sense in & nation of small shop-
keepers with an unspecialized agriculture. The highly specialized inter-
dependence of the U.S. economy seems to render this impossible today.

It is difficult to imagine the postattack housewife negotiating a barter
transaction with the manager of her local A&P, or treking to the country-
side to trade for milk and eggs. Thus resort to barter no longer appears
to be a reasonably possible alternative for an otherwise unacceptable
monetary system.

The possible absence of centrallzed government influence during the
early days of recovery could be an important objection to the immediate
or early imposition of a non-traditional control system. However we are
forturate in having a central banking system that could survive all but
the ultimate attacks. This 1s because of the geographic dispersion of
the twelve district banks and their branches. A further contribution te
the central banks survival potential could easily come from more pre-
attack preparation to provide for any one of the district banks to assume
full central bank authority to immediately implement the reguired policies
This could be accomplished in spite of a need to rely on state and local
government's response to meet other requirements in the absence of a well
organized federal government.

The last major objection is the most serious. It is quite possible
that preattack expectation of severe monetary controls would lead to a
preattack monetary crisis, if not a collapse, as people attempted to cen-
vert their money and securities inio assets that they expected to have
greater value postattack. The seriousness of this posgibility depends
on the perception of the international crisis as one likely to lead to
a nuclear attack, on the duration of the international crisis, and on the
speed with which the monetary authority can counteract this speculative
activity with monetary controls.

In spite of the seriousness of this objection we do not accept it
a3 overriding for two reasons. First this very reaction is possible any-
way, without any prepublished pleans for an "objectionable' postattack
monetary control; i.e. the very nature of a preattack crisis would lead

to & revision of normal investment and saving criteria. Second, unless
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the monetary authority is somehow paralyzed, as a preattack money and

credit crisis develops it can be halted and/or its effects mitigated.
2l.3.3 Alternatives to the Precsent Plan

A control system suitable for use in emergencies differs from those
desired in "normal" periods primarily because of the differences in tcler-
ance. We can tolerate controls only because we cannot accept the efrects
of their absence. In either case the goal is an efficient and equitable
allocation of resources; the difference derives from the abnormal scarity
of rescurces.

The traditional techniques for wartime or postwar resource allocation
have often been frustrated because the flows of spendable incomes and of
censumer goods could not be equalized. Taxes and wage controls were re-
lied upon to regulate the bulk of consumer income. Price controls and
rationing schemes were to determine the allocation of final output to
consumers. However, since incentives are normally necessary to insure
maximum individual work effort, earnings will normally differ. This
means that some households, making allowance for differing needs accord-
ing to size and composition, will have disposable incomes in excess of
other households and that the sum of disposable incomes may exceed the
controlled market value of the available goods and services. Thus un-
less the vast bulk of buyers and sellers are willing to repress the
desire for increased consumption and profit, violaticns of rationing and
price control laws will significantly determine how wage goods are
distributed. If the available supply of these goods is close to minimal
an "excess' level of consumpticon for some means deficiency for others
and presumably a retardation of the recovery effort. Furthermore, while
inflation is usually undesirable per se, (it is sometimes referred to as
s "cruel tax on those with relatively fixed incomes"), & severe inflation
might also retard recovery by redirecting private efforts into attempts
to take advantage of or to avold the effects of rapidly rising prices.
Thus a system that places more effective control over the disposition of

incomes is needed.

Before the advent of computerized bank reccrd-keeping it was probably
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fair to claim that many of the alternatives to price control-rationing
systems were too cumbersome tc be efficient. This hardly seems reason-
able today when currency represents only about 22 per cent of the total
money supply.* The elimination of paper currency as a medium of exchange
would contribute to =olving the control problem since check transactions
are relatively easy to trace. With all receipts and expenditures being
handled through the banking system, it then becomes technically possible
to control! consumer and perhaps business expenditures by allocating in-
come between disposable and blocked accounts. This would permit equit-
able distribution of the available zcnds and services with current con-
sumption limited to the funds available in the Jdisposable account.
Blocked account funds would be available tc meet abnormal consump-
tion needs but would generally represent a form of forced asavings.
Since the main function of the blocked accouat is to permit incentive
incomes while preventing important differences in per capita command
over consumer goods, an interest paid on these blocked accounts might
be desirable. A blocked account would thus be analogous to a savings

account, albeit "forced." As the recovery effort progressed, blocked

L e —————

account funds could be released to permit higher consumption levels.

Rationing and price control may or may not be required when cur-
reatly disposable incomes are regulated. Without intensive investigation
it appears possible that these controls would be generally unnecessary,
thus allowing for individual differences in consumption and permitting
the price system to work in its most efficient role of providing signals
of shortage or surplus. Furthermore, flexible prices would ease the
tagk of the planners who must allocate resources for investment and
production, a much more difficult job if they have to wait for com-
plaints and the growth of illegal markets to indicate a need for changes
in planning. The absence of general rationing would also reduce the
bureaucratic work load and the problem of planning.

v

*The money supply used here is currency held outside banks plus
demand deposits. Some economists have argued that time deposits at
commercial banks should be included. If this is done, the currency
fraction drops to 11.7 per cent for 1966,
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As noted above, incentive wage and salary payments are an important

cause of difficulty in a conventional control system. Would a system of

R

equalizing dispcsable income at minimum levels have disincentive effects?
We believe that so long as there was general confidence as to the eventual

recovery of the economy there would be a willingness to accumulate "sav-

oy gp———

ings" to support a higher level of consumption after recovery. The exper-
ience of the United States during World War II provides precedent for this
hypothesis.*

Viewed from a preattack perspective, plans that call for the elimina-
tion of paper currency may seem too harsh and unlikely to receive a great
deal of preattack approbation. Yet the system outlined above, or some
variation of it, would appear to yield the least interference with the
normal market process and to permit the smoothest end to controls when-
ever that becomes possible.

Certainly these control plans need further study. In particular
these and any other proposed control systems need to bte fitted to

current and known potential technological developments in banking. Con-

ceivably the entire problem of regulating aggregate demand and directing
output could be approached by adapting & system analogous to the methods
now under study by some major banks, where retail purchases would be
immediately deducted from the customer's account by his bank.

; Any system devised should meet¢ the following criteria as proposed

| by Enke7: (1) allow flexible production and consumption as rieeds and
capabilities change; {2) encourage the reallocation of resources to their
most important recovery ust ainimizing current consumption; (3) guaran-
tee that minimuam consumption needs of all are met; (4) keep the administra-

tive cost as low as is consistent with the other criteria. An additional

necessity for a smoothly functioning control system is that it be largely

"self-enforcing.” This means that individuals must generally find it

*See Galbraithlo for an argument that high elacticity of expectations
on the part of the average worker prevented a disincentive effect as
savings accumulated to record levels during World War II.
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most profitable to function within the system, i.e., immediate self-
interest should encourage behavior consistent with the overall recovery
goals.*

The strengths and weaknesses of the present "official” plans for
resource allocation during the survival and recovery period are reason-
ably well known since they are revised versions of the World War II sys-
tems. Except for some early work by Scitovsky, et. 31.13 and a brief
article by Enke in 1958lh there seems to have been little detailed study
of alternatives by an official body such as the Treasury, the Federal
Reserve or the Office of Emergency Planning. Considering the theoretical
potential that some variant of a dual account gystem would have, we
believe 1t is worthy of detailed study and consideration.

*George Katona,ll in a field study of price control and business

behavior, found that violations increased to the degree that the regula-
tions "didn't make sense" or seemed to threaten the firm's survival. The
mere opportunity for black market profits appeared less likely to attract
violation. 8ee algo Victor A. Thompson.
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